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This Book is written with the object of supplying the student with 
directions for the microscopical examination of the tissues. At the 
same time it is intended to serve as an Elementary Textbook of 
Histology, comprising all the essential facts of the science, but omit- 
ting unimportant details, the discussion of which is only calculated to 
confuse the learner. For a similar reason references to authorities 
have also been omitted. Most of the illustrations are taken from the 
second volume of Quain's Anatomy, ninth edition, where their author- 
ship will be found acknowledged. Of the remainder, those which 
have been selected from other authors are duly indicated; the rest 
have either been drawn expressly for this work, or have been trans- 
ferred to it from the author's * Course of Practical Histology.' 

For conveniently accompanying the work of a class of medical 
students, the book is divided into forty-two lessons. Each of these 
may be supposed to occupy a class from one to three hours, according 
to the extent to which the preparations are made beforehand by the 
teacher or are prepared during the lesson by the students. A few of 
the preparations — e,g. some of those of the sense-organs — cannot well 
be made in a class, but it has been thought advisable not to injure the 
completeness of the work by omitting mention of them. 
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Only those methods are recommended upon which long experience 
has proved that full dependence can be placed, but the directions given 
are for the most part capable of easy verbal modification in accordance 
with the ideas or experience of different teachers. 

For other processes and more minute details than could suitably 
be given here the student is referred to manuals which are devoted to 
practical work, such as the * Practical Physiology ' of Prof. Foster and 
Mr, Langley, the * Practical Histology' of Prof. Rutherford, the 

* Textbook of Practical Histology ' of Prof. Stirling, and the author's 

* Course of Practical Histology.' 
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THE ESSENTIALS OF HISTOLOGY. 



INTEODUCTOEY. 

ENUMERATION OF THE TISSUES AND THE GENERAL 
STRUCTURE OF ANIMAL CELLS. 

Animal Histology ^ is the science which treats of the minute struc- 
ture of the tissues and organs of the animal body ; it is studied with 
the aid of the microscope, and is therefore also termed Microscopical 
Anatomy. 

Every part or organ of the body, when separated into minute frag- 
ments, or when examined in thin slices (sections), is found to consist of 
certain textures or tissues, which differ in their arrangement in different 
organs, but each of which exhibits characteristic structural features. 

The following is a hst of the principal tissues which compose the 
body : — 



1. Epithelial. 



r Areolar 
Fibrous 



2. Connective - 



Elastic 
Adipose 
Lymphoid 
Cartilage 
Bone 
[ Voluntary 
8. Muscular \ Involuntary or plain 

( Cardiac 
4. Nervous. 

Some organs are formed of several of the above tissues, others 
contain only one or two. 

It is convenient to include such fluids as the hlood and lymph 
amongst the tissues, because they are studied in the same manner and 
contain cellular elements similar to those met with in some of the ^ 
.other tissues. 

The elements which compose the tissues are of the nature either 

* From /(rT(Jj, a web or texture. 
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of fibres or cellt. Some tissaes are composed almost entirely of fihres 
with relatively few cells iDterspersed amongst the fibres ; this is the 
case with most of the coonectiTe tissues. Others are composed entirely 
of cells, which, however, may in some cases be prolonged so as to form 
fibres ; bnt these are different from the fibres of tbe connective tissues 
in being formed directly from the cells of the tissue, whereas the fibres 
of the connective tissues are formed between the cells in an intercellular 
Bnbstance. Tissues which are entirely composed of cells are the epithe- 
lial tissues, whilst nervous and muscular tissue are formed of cells 
which are partly or wholly extended so as to form fibres. 

Cells. — In the early embryo the whole body is an agglomeration 
of cells. These are minute portions of living substance or protoplasm, 
enclosing a vesicle which is known as the nucleus. The tissues are 
subsequently formed either by changes which occur in the intercellidar 
substance, or by changes in the ceUs themselves ; frequently by both 
these processes combined. The cells which are least altered from 
their embryonic condition are the white corpuscles of the blood, and 
these may be regarded therefore as typical cells. 

The protoplasm of a cell (fig. 1,^) is composed of a soft albuminous 
substance, which is characterised in typical cells by possessing the 
property of spontaneous movement. When the cell is unenclosed by a 
membrane a change in the shape, or even in the position of the cell, 
may be thereby produced (amceboid movement). The protoplasm 
often contains granules of various kinds or droplets of watery fluid 
(vacuoles) ; the latter may be present in sufficient abundance to impart 
a reticular or sponge-hke structure to the protoplasm. In some cells 
tbe protoplasm has a striated or fibrillar structure. 

The nucleiu of the cell (fig, 1, n) is a minute vesicle embedded in 
the protoplasm. It is bounded by a membrane which encloses a clear 
substance (nucleaT matrix), and the whole of 
this substance is generally pervaded by an 
irregular network of fibres, some coarser, 
others finer {intranucUar network, n'). This 
intranuclear network often exhibits one or 
more enlargements, which are known as 
the nucleoli. The fibres within the nucleus 
have been observed to undergo spontaneous 
changes of form and arrangement, but this 
- becomes much more evident when the cell 

lti"nin^ is about to divide. The division of the proto- 

nnciMT network, n',niiinBci«)- plagm jg always preceded by that of the 
nucleus, and the intranuclear fibres undergo 
during its division a series of remarkable changes in Eurangement 
and position, which are known collectively by t)ic term karj/omitosts 
(karyokinegis). These changes may best he studied in the division 
of epithelium -cells (sec Lesson VI.), but exactly similar phenomena 
have been shown to occur in cells belonging to the other tissues. In 
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some cases it may bo observed that the filaments of the intranuclear 
network are made up of fine juxtaposed particles, arranged either in a 
single or a double row. 

All the embryonic colls are formed from the division of the ovum 
or egg-cell, which divides first into two cells, those again into two, and 
so on until a largo number of colls (embryonic cells) are produced. 
Eventually those resultant colls arrange thoniselvos in the form of a 
membrane (blastoderm) which is composed of throe layers. These 
layers are known respectively as the ectoderm or e2>ihla8t, the meso- 
derm or viesohlast, and the entoderm or hypoblast. The ectoderm 
gives rise to most of the epithelial tissues and the tissues of the nervous 
system ; the entoderm to the epithelium of the alimentary canal 
(except the mouth), and the glands in connection with it ; and the 
mesoderm to the connective and muscular tissues. 

The histogonetical relation between tho tliroo layers of the blasto- 
derm and the several tissues and organs of tho body is exhibited in tho 
following table : — 

Tho opitholitmi of tho Bkin or oj)idorniifl, and its appondagon, 

viz., tho hairn, nails, sobaccoiiH and swoat glands. 
Tho epitholintn of tho mouth, and of tho salivary and other 

glands which open into tho mouth. Tho onatnol of the 

tooth. Tho gustatory organs. 
Tho opitholium of tho nasal passagos, and tho cavities and glands 

which open into them. 
Tho opithehnm covering tho front of tho eye. Tho crystalline 

lens. The retina. 
Tho opitheliuni lining tho membranous labyrinth of the ear. 
Tho epithelium lining the central canal of tho spinal cord and 

the fourth, third, and lateral ventricles of tho brain. 
The tissues of tho nervous system. 
Tho pituitary body. Tho pineal i^dand. 

Tho connective tissues. 

The blood and lymph coqmscles. 

Tho epithelial lining of tho heart, blood-vessels, lymphatics, and 
serous membranes. 

Tho epithelium of the uriniferons tubules (in part). 

Tho epithelium of tho generative organs, and the generative pro- 
ducts in both sexes. 

The muscular tissues, voluntary, involuntary and cardiac (oxco|)t 
tho muscular fibres of tho sweat glands, which are epiblastic 
in origin). 

The spleen and other lymphatic and vascular glands. 

The epithelium of the alimentary canal (from the pharynx to 
the lower end of tho rectum) and all the glands which open 
into it (including the liver and pancreas). 

The epithelium of the Eustachian tube and cavity of the tym- 
panum. 

The epithelium of tho larynx, trachea, and bronchi, and of all 
tneir ramifications. The epithelium of the puhnonary 
alveoli. 

The opitholium of tho thyroid body. Part of the thymus gland. 

The epithelium of the urinary bladder and ureters, and of part 
of the uriniferous tubules. 



Ectoderm 

or 
Epiblast 



Mesoderm 

or 
Mesoblast 



Entoderm 

or 
Hypoblast 
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VSE OP THE MICnOSCOPE. EXAMINATION OF 
COMMON OBJECTS. 



The requisites for practical Histology 
are a good compound microHcope mag- 
nifying from about 50 to 400 Unear ; slips 
of glass technically known as 'elides,' 
upon which the preparations are made; 
small pieces of tmn glass used as covers 
for the preparations ; a few simple instru- 
ments, such as a razor, a aealp«l, scissors, 
fine-pointed forceps, and needles mounted 
in wooden handles; and a set of fluid re- 
agents for mounting and staining micro- 
scopic preparations.' A sketch-book and 
pencil are also requisite, and must be con- 
stantly employed. 

Examine the microscope (fig. 2). It 
consists of a tube {i f) having two systems 
of lenses, one at the upper end termed 
the ' eye-piece ' or ' ocular ' {oc), the other, 
at the lower end, termed the ' objective ' 
(ofcj). There should be at least two 
objectives^a low power, working at about 
^ inch from the object, and a h^h power, 
having a focal distance of about j inch. 
The focus is obtained by cautiously bring- 
ing the tube and lenses down towards the 
object by the coarse adjustment, which is 
either a telescopic or a rack-and-pinion 
movement [adj), and focussing exactly by 
the fine adjustment, which is always a 
finely cut screw {(idj% 

The stage {»t) upon which the prepa- 
rations are placed tor e lamination, the 
mirror (m) which serves to reflect the light 
up through the central aperture in the 
stage and along (he tube of the instrument, 
and the diaphragm {d) below the stage 
which serves to regulate the amount of 
light thus thrown up, are all parts the 
employment of which is readily under- 
stood. 

It is convenient to begin the study of 
histology by the examination of the blood. 
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USE OF THE MIC1W)SC0PE 5 

bnt beibre doing this the student ehoiUtl endeavonr to fomiliariBO hiniRelf 
with the use of the microacope, and at the soiue time learn to rocogniHe soiue 
of the chief objects which are liable to occur accidentally in microscopic 
Bpecittiens. On this account it has been considered desirable to introduce 




directions for the esatnination of starch -groniilcB, air-bubbles, linen, cotton, 
and woollen fibres, and the usual constituents of the dust of a room, into the 
first practical lesson. 
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1. Examination of starch-granules. Gently scrape the cut surface of a 
potato with the point of a knife ; shake the starch-granules so obtained into 
a drop of water upon a clean slide and apply a cover-glass. 

With the low power the starch-granules look like dark specks differing 
considerably in size ; imder the high power they are clear, flat, ovoid particles 
(fig. 3, St), with a sharp outline when exactly focussed. Notice the change in 
appearance of the outline as the microscope is focussed up ^r down. On close 
examination fine concentric lines are to be seen in the granules arranged 
around a minute spot which is generally placed eccentrically near the smaller 
end of the granule. Sketch two or three starch-granules. 

Notice the appearance of air-bubbles in the water. If comparatively 
large they are clear in the middle, with a broad dark border due to refraction 
of the light ; if small they may look entirely dark. 

2. Examine fibres of linen and of cotton in water, using a high power. 
Compare the well-defined, relatively coarse, striated, and slightly twisted linen- 
with the longer, finer, and more twisted cotton-fibres. Sketch one of each 
kind. 

3. Moimt two or three hairs from the head in water and look at them, 
first with the low, then with the high power. Examine also some fibres 
from any woollen material and compare them with the hairs. They have 
the same structure, although the wool is finer and is curled ; its structure 
may be partly obscured by the dye. Draw one or two woollen fibres. 

4. Examine some dust of the room in water with a high power. In 
addition to numerous groups of black particles of carbon (soot) there will 
probably be seen fibres of linen, cotton, or wool, and shed epithehum-cells 
derived from the epidermis. 

6. Prepare a scale to serve for measuring objects under the microscope. To 
do this put a stage-micrometer (which is a glass slide ruled in the centre, with 
the lines ^^ and 1J5 millimeter apart) under the microscope in such a manner 
that the hnes run from left to right (the microscope must not be inclined). 
Focus them exactly. Put a piece of white card on the table at the right of 
the microscope. Look through the instrument with the left eye, keeping the 
right eye open. The lines of the micrometer will appear projected upon the 
paper. Mark their apparent distance with pencil upon the card, and after- 
wards make a scale of lines in ink the same interval apart. A magnified repre- 
sentation is thus obtained of the micrometer scale. Mark upon it the number 
of the eye-piece and of the objective, and the length of the microscope tube. 
This scale-card will serve for the measurement of any object witnout the 
further use of the micrometer. To measure an object, place the scale-card 
upon the table to the right of the microscope and view the object with the 
left eye, keeping the right eye open. The object appears projected upon 
the scale, and its size in ^ or jj^ of a millimeter can be read off. It is 
important that the same objective and eye-i)iece should be employed as were 
used in making the scale, and that the microscope tube should oe of the same 
length. 



LESSOR II. 

STUDY OF THE HUMAN BLOOD-CORPUSCLES. 

1. Havino cleaned a slide and cover-glass, prick the finger and mount a 
small drop of blood quickly, so that it has time neither to dry nor to coagulate. 
Examine it at once with the high power. 

Note (a) the coloured corpuscles, mostly in rouleaux and clumps, but some 
lying apart seen flat or in profile ; (b) the colourless corpuscles, easily made 
out if the cover-glass is touched by a needle, on account of their tendency to 
stick to the glass, whilst the coloured corpuscles are driven past by the cur- 
rents set up ; (c) in the clear spaces, fibrin filaments and elementary particles 
or blood-taolets. 

Sketch a roll of coloured corpuscles and one or two colourless corpuscles. 
Gount the nmnber of colourless corpuscles in a field of the microscope. 

2. To be made like 1, but the drop of blood is to be mixed upon the slide 
with an equal amoimt of 0*6 per cent, salt solution, so that the red corpuscles 
tend to be less massed together, and their pectdiar shape is better displayed. 

Sketch a red corpuscle seen on the flat and another in profile (or 
optical section). Also a crehated corpuscle. 

Measure ten red corpuscles, and from the results ascertain the average 
diameter of a corpuscle. 

8. Make a preparation of blood as in § 1 and put it on one side to coagu- 
late. After fi^een minutes allow a drop of a solution of borax-carmine ^ to 
run imder the cover-glass. This decolorises the red corpuscles, but stains 
the nuclei of the white corpuscles and brings the network of fibrin filaments 
and the elementary particles clearly into view (fig. 7). After a drop of gly- 
cerine has been allowed to diffuse into the fluid the cover-glass may be 
cemented with gold-size and the preparation labelled and kept. 

4. Enumeration of the blood-corpuscles. This is readily effected by the 
hsBmacytometer of Gowers. This instrument consists of a glass slide (fig. 4, c), 
the centre of which is ruled into ^q millimeter squares and surromided by a 
glass ring | nmi. thick. It is provided with measuring pipettes (a and b), a 
vessel (d) for mixing the blood with a saline solution (sidphate of soda of sp. 
gr. 1015), glass stirrer (e) and guarded needle (f). 

* The mode of proceeding is extremely simple. 995 cubic millimeters of 
the saline solution are placed in the mixing jar ; 5 cubic millimeters of blood 
are then drawn from a puncture in the finger and blown into the solution. 
The two fluids are well mixed by the stirrer and a small drop of this dilution is 
placed in the centre of the cell, the cover-glass gently laid on (so as to touch 
the drop, which thus forms a layer | mm. thick between the slide and cover- 
glass) and pressed down by two brass springs. In a few minutes the cor- 
puscles have simk to the bottom of the layer of fluid and rest on the squares. 
The number in ten squares is then counted, and this, multiplied by 10,000, 
gives the number in a cubic millimeter of blood.' 

* See Appendix. 
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The coloured blood-corpuscles. — Under the microscope the blood is 
seen to consist of a clear fluid (plasma), in which are suspended the blood- 
corpuscles (fig. 5). The latter are of two kinds : the red or coloured 
(r, r'), "vdiich are by far the most numerous, and the white, pale, or 
colourless [p, g), which from their occurrence in the lymph are also 
known as lymph-corpuscles. When seen singly the coloured corpuscles 
are not distinctly red, but appear of a reddish-yellow tinge. In the 
blood of man and of all other mammals, except the Camelidae, they 
are biconcave circular disks. Their central part usually has a sUghtly 
shaded aspect, under the ordinary high power (fig. 6, 1), but this is due 
to their biconcave shape, not to the presence of a nucleus. They have 
a strong tendency to become aggregated into rouleaux and clumps when 
the blood is at rest, but if it is disturbed they readily become separated. 

If the density of the plasma is increased in any way, as by evapo- 
ration, many of the red corpuscles become shrunken or crenated (c). 

The average diameter of the human red corpuscles is 0'077 milli- 
meter (about ^Tj'oTT iiich).^ 

There are from four to five millions of coloured corpuscles in a cubic 
millimeter of blood. 

The colourless corpuscles of human blood are a little larger than 
the coloured, measuring 0*01 mm. (7^ .\,^ inch) in diameter. They 
are far fewer, numbering not more than ten thousand in a cubic 
milUmeter. Moreover they are 
specifically lighter, and tend to 
come to the surface of the prepara- A 

tion. If examined soon after the 
blood is drawn, they are usually 
spheroidal iil shape, but they soon 
become irregular (fig. 5, p, g), and 





their outline continually alters, f^#^^t%^iL'^'''>' 

owing to the amoeba-hke changes "^ V^© *o °* *°141 

of form to which they are subject. r-!^z^^^Z. !— ° ^ '- 

Some of the colourless corpuscles 

are very pale and finely ^anular, ^»°- 7.-Fibuin-filament8 and blood- 

TABLETS 

others contain coarser and more ^^ „,,„.„,^ „, g^^^ ,^„„„ ^^^ „^^,„g ^^^ 

distinct granules in their protO- the corpuscles from a preparation of wood that 

, X,, . , *• , lias beeu allowed to clot ; many of the filaments 

plasm. Ine protoplasm may also radiate from small clumps of blood-toblets. 

contain clear spaces or vacuoles, Ly^imrticitrOTw'SS^we^^^ 

and a reticular structure is described ^^^"• 

in it by some histologists. Each pale corpuscle has one or more 

nuclei, which are difficult to see without the aid of reagents. 

In the clear fluid in which the corpuscles are suspended, a network 
of fine straight intercrossing filaments (fibrin) soon makes its ap- 
pearance (fig. 7). There are also to be seen a certain number of 

* The following list gives the diameter in parts of a millimeter of the red blood- 
corpuscles of some of the common domestic animals :— Dog, 0-0073 ; rabbit, 0*0069 ; 
cat, 0-0065 ; sheep, 0-0050; goat, 00041. 
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minuie round colourless discoid particles, either separate or collected 
into groups or masses, which may be of considerable size. These are 
the elementary particles or blood-tablets. Their meaning is not known. 
Fatty particles may also occur in the plasma. 

Development of blood-corpusoles. — In the embryo, the first-formed 
coloured blood-corpuscles are amoeboid nucleated cells, the protoplasm 




Fig. 8. — Dbvklopmekt of blood-vessels and blood-corpuscles in the vasculah 

area of the guinea-piu. 

bly b!ood-corpascles becoming free in the interior of a nucleated protoplasmio mass. 

of which contains haemoglobin. These embryonic blood-corpuscles 
are developed within cells of the mesoderm, which unite with one 
another so as to form a protoplasmic network (fig. 8). The nuclei 
then multiply, and around some of them there occurs an aggregation 
of coloured protoplasm. Next the branched cells become hollowed 






Fig. 9.— Blood-corpusclrs developing within connective-tissue celia 

ht a cell containing diffused hemoglobin ; V, globular masses of coloured substance in the 
protoplasm, within which also arc numerous vacuoles; h'\ a cell filled with coloured 
globules. 

out by an accumulation of fluid in their protoplasm so as to form a 
network of blood-vessels, and then the coloured nucleated portions 
of protoplasm are set free within them as the embryonic blood- 
corpuscles (fig. 8, bl). 
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In later embryonio life, and after birtb, nucleated coloured cor- 
puscles are no longer present in mammalian blood, but are replaced 
by tbe usual discoid corpuscles. These are formed within certain cells 
of the connective tissue, a portion of the protoplasm of the cell becom- 
ing coloured by haemoglobin, and separated into globular particles 
(fig. 9, h, h', h")j which are gradually moulded into disk-shaped red 
coi-puscles. In the meantime the cells become hollowed out, and join 
with similar neighbouring cells to form blood-vessels (fig. 10, a^b, c). 
The process is therefore the same as before, except thai the cell-nuclei 
do not participate in it. - 




■> 
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Fio. 10. — FruTHKR development of blood-coupusclks in connective-tissuk cells, 

AND THANSFOKMATION OF THE LATTER INTO CAPILLAilY BLOOD-VE88EIJ9. 

o, an elon^tcd cell with a carity in its protoplaBm occupied by flnid and by blood-corpus- 
cles mostly globular; 6, a hollow cell the nucleus of whicli has multip'.ied. Tbe new 
nuclei are arranged around the wall of the carity, the corpuscles in which hare now 
become discoid ; c shows the mode of union of a * lia'umpoictic ' cell, whicli in tliis in- 
stance centals only one corpuscle, with the prolongation (hi) of a previously existing 
reseel. a, and c, from the new-born rat ; &, from a fuetal sheep. 

Although no nucleated coloured corpuscles are to be seen in the 
blood in post-embryonic life, they continue to be found in the marrow 
of the bones (see Lesson XIII.), and it is thought probable that the 
red disks may be formed in some way from these. Others have sup- 
posed that the red disks are derived from the white corpuscles of the 
blood and lymph, and others again that they are developed from the 
blood-tablets ; but the evidence in favour of these views is insufficient. 

The white blood-corpuscles and lymph-corpuscles occur originally 
as free unaltered embryonic cells, which have foimd their way into the 
vessels from the circumjacent tissues. Later they become formed in 
lymphatic glands and other organs composed of lymphoid tissue, and 
pass from these directly into the lymphatics and so into the blood. 
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LESSON III. 

ACTION OF REAGENTS UPON THE HUMAN BLOOD- 
CORPUSCLES. 

1. Make a preparation of blood as in Lesson II. 1, and apply a drop of 
water at one edge of the cover-glass. Examine at a place where the two 
fluids are becoming mixed. Notice particularly the first effect of water upon 
both red and white corpuscles, as well as the ultimate action. 
Sketch both kinds of corpuscles under the action of water. 

2. Bepeat on another preparation, using very dilute alkali (0*2 per cent, 
potash in salt solution) instead of water. Notice the complete solution first 
of the white and then of the coloured corpuscles as the alkali reaches them. 

8. Repeat on another preparation, using dilute acetic acid (1 per cent.). 
Observe that the effect of the acid upon the coloured corpuscles is similar to 
that of water, but that it has a different action upon the colourless corpuscles. 

Sketch two or three of the latter after the action is completed. 

4. Make a preparation of blood mixed with salt solution as in Lesson II. 2, 
and investigate the action of tannic acid (2 per cent, solution) in the same 
way. 

Sketch two or three coloured corpuscles after the action is complete. 



The action of reagents upon the human red blood-corpuscles shows 
that, although to all appearance homogeneous, they in reality consist 

of an intimate intermixture of the colour- 
a h e d ing matter or haemoglobin with certain 
fi d ft O O other substances (globulin, lecithin, cho 
• lesterin), which are left as the colourless 

L^ stroma, on dissolving out the haemo- 

•^-^pX ^C^ globin, or on causing its discharge by 

any means from the corpuscle. This 
^^' separation of the haemoglobin from the 

a-f, snccessiye effects of water upon a, i^ re j. n \. j. /n 1 1 

red corpuscle ;/, effect of solution of Stroma Can DC enected by water (ng. 11, 
salt ;t^, effect of tannic acid. ^_^) ^^^ ^Iso by dilute acids, by the 

action of heat (60° C), the freezing and thawing of blood, the vapour 
of chloroform, and the passage of electric shocks through blood. ^ 

' In the blood of some animals crystals of haemoglobin readily form after 
its separation by any of these means from the red corpuscles. These crys- 
tals are rhombic prisms in most animals, but tetrahedra in the guinea-pig, and 
hexagonal plates in the squirrel. They are most appropriately studied along 
with the chemical and physical properties of blood, and are therefore omitted 
here. The same remark appUes to the minute dark-brown rhombic crystals 
{hcBviin)t which are formed when dried blood is heated with glacial acetic acid, 
and to the reddish-yellow crystals of hctmatoidiny which arc found in old blood 
extravasations. 
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Tho mixing of human blood with the blood or serum of various animals 
also has a similar action, probably owing to differences of density or 
alkalinity. Tannic acid produces a peculiar effect (fig. 11, g); the 
haemoglobin is discharged from the stroma, but is immediately altered 
and precipitated, remaining adlierent to the stroma in the form of a 
round or irregular globule of a brownish tinge (hasmatin). 

The structure of the colourless corpuscles is also brought out by 
the action of these reagents. As tho water reaches them their amoe- 
boid movements cease ; they become swollen out into a globular form 
by imbibition of fluid (fig. 12, i), and the granules within the proto- 






Fio. 12. 

1, flnt effect of tho action of watrr utM'mawhit4*b1of><l-corpufw;](; ; 2, 8, white cor)>Ui(cIef 

treated with dilute acetic acid ; n, iiucleiiM. 

plasm can be scon to be in active Brown ian motion. Their nuclei 
also become clear and globular, and arc more conspicuous than before. 
With the further action of tho water, tho corpuscle bursts and tho 
granules aro set free. 

Acids havo an entirely dilTorcnt action upon the white corpuscles. 
Their nuclei become somewhat shrunken and very distinct (fig. 12, 
2 and 3), and a granular precipitate is formed in the protoplasm around 
the nucleus. At the samo time, a part of the protoplasm generally 
swells out so as to form a clear blob-like expansion (an appearance 
which often accompanies tho deatli of tho corpuscle from other 
causes). 
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LESSON IV. 
STUDY OF THE BLOOD-CORPUSCLES OF AMPHIBIA, 

1. Mount a drop of newt's blood obtained from the cut end of the tail. 
Examine with the high power. Notice the shape of the coloured corpuscles, 
both when seen flat and edgeways, and the nucleus within each. 

Measure ten corpuscles, and from the results obtain the average dimen- 
sions of the newt's blood-corpuscle. 

Notice also the colourless corpuscles, smaller than the red, but consider- 
ably larger than the pale cor^iuscles of human blood, although otherwise re- 
sembling these. 

Sketch two or three red corpuscles and as many white. 

Be careful not to mistake the liberated nuclei of crushed red corpuscles 
for pale corpuscles. 

Enormous cells and nuclei belonging to the cutaneous glands as well as 
the granular secretion of those glands may be present in this preparation. 

2. Apply a drop of water to the edge of the cover-glass of the same pre- 
paration and notice its action upon the corpuscles. 

Sketch two or three corpuscles altered by the action of the water. 

8. Moimt another drop of blood, and apply dilute acetic acid (1 per cent.) 
instead of water at the edge of the cover-glass. Make sketches showing the 
effect of the acid upon both red and white corpuscles. 

4. Examine the corpuscles of newt's blood which has been allowed to 
flow into boracic acid solution (2 per cent.). Notice the effect produced upon 
the coloured corpuscles. Sketch one or two. 



The coloured blood-corpuscles of amphibia (flg. 18), as well as of most 
vertebrates below mammals, are biconvex elliptical disks, considerably 
larger than the biconcave circular disks of mammals.^ In addition to 
the coloured body of the corpuscle, which consists, as in mammals, of 
hsemoglobin and stroma, there is a colourless mccleus, also of an ellip- 
tical shape, but easily becoming globular, especially if liberated by any 
means from the corpuscle. The nucleus resembles that of other cells 
in structure, being bounded by a membrane, and having a network of 
filaments traversing its interior (fig. 14). It is not very distinct in 
the unaltered corpuscle, but is brought clearly into view by the action 

* The following are the dimensions in parts of a millimeter of some of the 
oorpuscles of oviparous vertebrates : — 

Long diameter Short diameter 
Pigeon .... 00147 00066 

Frog 00223 00167 

Newt 00293 00195 

Proteus .... 0068 0035 

Amphiuma . 0*077 0*046 
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of reagents, especially acetic acid. The action of reagents upon the 
red corpuscle of amphibia is otherwise similar to that produced upon 
the mammalian corpuscle, water and acetic acid causing it to swell 
into a globular form and then to become decolorised ; solution of salt 
causing a shrinking of the corpuscle, and so on. Boracic acid acts 
like tannic acid in causing the haemoglobin to be withdrawn from the 
stroma; but it becomes partially or wholly collected around the 
nucleus, which may then be extruded from the corpuscle. 





Fio. 18. — FucKi*8 Blood. (Ranvier.) 

a, red oorptiscle seen on the flat ; «, Taonolet in a cor- 
pUHole ; ft, e, red corpuscles in profile ; n, pale cor- 
ptiHcIe at rest ; m, pale corposole, exhibiting amoeboid 
morements ; j), coloured fusiform corpuscle. 



Fio. 14. — C0IX)URBD 
COnPUSCLK OF SA- 
LAMANDER, 8ITOW> 
INO INTRANUCLRAR 

NETWORK. (Flem- 
ming.) 



The colourless corpuscles (fig. 18, h, m, n), although larger, are 
very similar to those of mammals. Like them, they are of two kinds 
— either wholly pale or enclosing a number of dark granules. They 
vary much in size and in the activity of their amoeboid movements. 
They may have one or several nuclei. Beagents have the same effect 
upon them as on those of mammals. 
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THE AMOZBOID PHENOMENA OF THE COLOURLESS 
BLOOD-OORF USCLES. 

1. Make a prejidrfttion of blood from the finger in the uaual way. Draw 
R. brush jast maistened with oil around the edga of the cover-glosB to check 
evaporation. Place the preparation upon a 'warm atitge,' and heat this to 
about the temperature of the body (38 C). Bring ii wlute corpuaele under 
obBervation with the high power, and watch the changes of ehape which it 
■undergoes. To become convinced of theae alteratiouB in form, make a eerieB 
of outhne fikctches of the same eorpusele at intervals of a minute. 

The Biinpleflt form of ' warm Htoge ' is a thin copper pSata of about the size 
of an ordinary slide, perforated in the centra and with alongtonguoofthesama 
metal projecting from the middle of ono edge (fig. 15). The copper plate ia 
firmly cemented with sealing-wax to a glass slide which rests upon tl ' 




^:HAV ' 



of the tiiicr,j,siopf, Tlic pi-ii™-iili..ii. iiliicli .sluiuKi i>e nindr upon a rather 
thin slip iif glaes, is put on to the warm etage and pressed into contact with 
it by the brass cUps. Ueal is applied to the copper tongiie by a sDaoll spirit- 
laiiip flaiue, and a greater or less amount is conducted to the worm stage 
and the superjacent preparation according to the point to which the 6ame u 
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applied. To secertain that the rif;ht temperature is )^t and maintained, put 
two pieces of parBflin, one melting at 35° C. (90° ¥.) and another at 88 C. 
(10(7' F.). on the slide, one on either side of the preparation. The tempera' 
ture must be such that the first piece is melted and remains so whilst the 
second remains solid.' 

2. Mount a drop of newt's blood diluted with an equal amount of salt 
solution, and examine it in the same manner iijMin the copper stage ; the 
temperature must, however, be kept below 30° C. Observe the effect of heat 
in accelerating the amteboid movements of the pale corpuscles. Sketch one 
at intervals of a minute (a) in the cold, (b) whilst warmed. 

8. Examine some yeast which has been mixed with salt solution. Observe 
the yaast-cells or toriUse, some of them budding. Sketch two or three. 

Now mil a httle of the yeast and salt Bolution with a fresh drop of newt's 
blood, oiling the edge of the cover-glass as before. Kndeavour to observe the 
inception of torui* by the white corpusclos. Sketch one or two corpuscles 
containing torulie. 

Milk-globulee or particles of carbon or of veniiilioQ may also bo used for 
this experiment, but the process of inception is most readily observed with 
the yeast particles. 

4. At the commencement of the lesson collect a <lrop of newt's blood into 
a fine capillary tube, seal the ends of the tube, and mount it in a drop of oil 




Fig. 16.— WnriB 



' For exact work, an apparatus somewhat more complex than the above is re 
quired. For description of such a onesed Courseo/Practical HUMa'S'i^'Vi-'^^ 
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The amoeboid phenomena which are exhibited by the protoplasm of 
the colourless blood-corpuscles consist, in the first place, of spontaneous 
changes of form, which when active may also produce changes in place 
or actual locomotion (migration) of the corpuscle ; and, secondly, of a 
tendency which it presents to enwrap and take into its substance 
foreign particles with which it may come in contact, and particles thus 
incepted may then be conveyed by the corpuscle in its locomotory 
changes from one place to another. 

It is probable that particles of organic matter which are taken up 
by the pale corpuscles may undergo some slow process of intracellular 
digestion within their protoplasm. 

The processes of the granular corpuscles are generally quite clear 
at first, and the granules afterwards flow into them. 

The migration of the colourless corpuscles from the blood-vessels 
into the surrounding tissue, or from a blood-clot into the surrounding 
serum (fig. 16), is owing to these amoeboid properties. 

The conditions which are most favourable to this amoeboid activity 
of the white corpuscles are (1) the natural slightly alkaline medium, 
such as plasma, serum, or lymph, or, failing these, normal saline 
solution ; (2) the prevention of desiccation. Any increase of density 
of the medium produces a diminution of amoeboid activity, whilst, on 
the other hand, a shght decrease in its density has the opposite effect ; 
(3) a certain temperature. In warm-blooded animals the phenomena 
cease below about 10° C. When gradually warmed they become more 
and more active up to a certain point, the maximum being a few 
degrees above the natural temperature of the blood. Above this point 
they become spheroidal and their protoplasm is coagulated and killed. 
Acids at once kill the corpuscles and stop the movements. Narcotic 
gases and vapours, such as carbonic acid gas or chloroform vapour, 
also arrest the movement, but it recommences after a time if their 
action is discontinued. 
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LESSON VI. 

EPITHELIUM. 

1. Mount a drop of saliva and examine first with a low, afterwards with the 
high power. Observe the nucleated epithelium-ceUs, some single, and others 
still adhering together by overlapping edges. Measure three or four, and also 
their nuclei. Sketch one or two on the flat and one edgeways. Notice the 
salivary corpuscles, which are like white blood-corpuscles swoUen out by 
imbibition of water. 

2. Put a small shred of human epidermis into a drop of strong caustic 
potash solution for one or two minutes. Then break it up in water with 
needles, cover and examine. Observe the now isolated swollen ceUs. 
Measure some. 

8. Study the arrangement of the cells in a section through some stratified 
epithelium, such as that of the mouth, skin, or cornea. The section may be 
prepared beforehand by the demonstrator ; it should be mounted in Canada 
balsam.^ Notice the changes in shape of the cells as they are traced towards 
the free surface. Measure the thickness of the epithelium. Coimt the 
number of layers of cells. 

4. Study the minute structiu*e of epithelium-cells and their nuclei, both 
at rest and dividing, in the tail of the sfdainander-tadpole.' This preparation 
may also advantageously be prepared beforehand by the demonstrator. 

[The preparation is made as follows : The tail is placed in chromic acid 
solution (0*1 per cent.) for three days, then thoroughly washed for some hours 
in water to remove the excess of the acid, then placed in dilute haematoxylin 
solution for twenty-four hours, or in 1 p. c. safranin solution for a similar 
time. After having been again rinsed m water it is rapidly dehydrated 
in absolute alcohol, then transferred to spirits of turpentine, and finaUy 
mounted in Canada balsam.] 

Sketch an epithelium-cell with resting nucleus, and others with nuclei in 
different phases of karyomitosis. 



An Epithelium is a tissue composed entirely of cells separated by a 
very small amount of intercellular substance (cement substance), and 
generally arranged so as to form a membrane covering either an ex- 
ternal or an internal free surface. 

The structure of epithelium- cells, and the changes which they 
undergo in cell-division, are best seen in the epidermis of the tail of 
the salamander-tadpole, in which the cells and nuclei are much larger 
than in mammals. 

* The methods of preparing sections are given in the Appendix. 

' If these tadpoles are not obtainable, the structure may be studied in the 
epidermis of the newt^ prepared as recommended in Lesson VII. § 1 for the study 
of columnar epithelium, and also in sections stained with haematoxylin. 
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Stractnre of the eells. — Each cell consistB of ^rotop^m containing 
a nucleus. The protoplasm may be either clear or granular, or it may 
have a reticulated appearance. In some kinds of epithelium it is 
striated. The nuclens ia a round or oval vesicle lying in the proto- 
plasm. Usually there is only one, but there may be two or more in a 
cell. In the resting condition (i.e. when not undergoing division) the 
nucleus is composed of a membrane enclosing a cleat substance, which 
is traversed by a network of filaments (fig. 17, a). There may be one 




or more globular enlargements {nucleoli) on this network. The nucleus 
is stained more easily by dyes than the protoplasm ; this staining 
affects chiefly the nucleoli, nuclear filaments, and membrane. 

Divisioti of the cells. — The division of a cell is preceded by the 
division of its naclens. This, in dividing, passes through a aeries of 
remarkable changes (fig. 17), which may thus be briefly summarised: — 

1. The network of filaments of the resting nucleus becomes trans- 
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formed into a sort of skein, formed apparently of one long convoluted 
filament ; the naclear membrane and the nucleoli disappear or are 
merged into the skein (fig. 17, b, c, d). 

2. The skein becomes arranged in the form of a rosette, the fila- 
ments looping in and out, to and from the centre (e), 

8. The outer loops of tl)e rosette Heparate, so that the filament 
breaks into a number of V-ehaped fibres arranged like a star {aster, 

S.g.h.) 

4. The V-shaped fibres separate into two groups, the ends of which 
for a time are interlocked {i, j, k). 

6. The two groups pass to the opponlte poles of the now elongated 
nucleus and form a star-shaped figure (/) at each pole {dyaster). Each 
of the stars represents a daughter nucleus. 

6, 7> 8. Each star of the dj'aster goes through the same changes as 
the original nucleus, but in the reverse order^viz. rosette (m), skein 
in), and network {o, p, q) ; pasxing finally into the condition of a typi- 
cal resting nucleus. The protoplasm of the cell divides soon after the 
formation of the dyaster [m). Somotimes fine lines may be seen in 
the protoplasm, during the process of divisioii, radiating from the poles 
of the nucleus, and othern uniting the two daughter nuclei. 

Clauiflcation of epithelia.— Kpitliolia are clansified according to 
the shape and arrangement of tliu component cells. Thus we speak 
of scaly or pavement, cubical, columnar, polyliedral, and spheroidal 
epithelium. All these are simple epithelia, with the cells only one 
layer deep. If forming several superposed layers, the epithelium is 
Baid to be stratified, and then the shape of the cells dilTers in the dif- 
ferent layers. Where there are only three or four layers in a stratified 
epithelium, it is tenned tramitional. 

Stratified EplthellTUn covers the anterior surface of the cornea, 
lines the mouth, pharynx flower part), and gullet, and forms the epi- 
dermis which covers the skin. In the femi^e it lines the vagina and 




ibore tliiMf ; ft, OalMTiK 



part of the uterus. The cells nearest the surface are always flattened 
uid Bcale-like (fig. 16, fl ; fig. 19), whereas the deeper cells are more 
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ronnrled or polyhedral, and those of the deepest layer generally some- 
what columnar in nliape ffig. 18, c). Moreover, the deeper eella are 
soft and protoplasmic, and are separated from one another by a Bystem 
of intercellular cliannela, which are bridged across by nnmeroos pro- 
cesses passing from cell to cell. 

The deeper cells multiply by division, the newly formed cells tending 
as they enlarge to push those external to them nearer to the surface, 
from which they are eventually thrown off. Ab they approach the 
Buriace they become hard and homy, and in the case of the epidermis 
lose entirely their cellular appearance, which can, however, be in a 
measure restored by the action of potash (§ 2). The cast-off super- 
ficial cells of the stratified epithelium of the month, which are seen in 
abundance in the saliva {§ 1), are less altered, and the remains of a 
nucleus is still visible in them. 





Fni, In.—EnTjrilT.llIJl-HCAT.BIl TROM IIIK FlO. SO, — pAVEMENT-RPITItlCLtllN VBOV 

tNHlKKiirTliK MOUTH. (Mstnilfleil 260 A SKKiius HBHBHAMi^. (MagDified 410 

Jlninnleni.} dianteUra.) 

a, cell ; », nnoletu ; c, tiDOleolI. 

Simple loaly or pavement epithelium is found in the saccules of 

the lungH, ill those of the mammarygland when inactive, in the kidney 
(in tlio tubus of Ilenle), and also lining the cavities of serous mem - 
hriinas (fig. 20), and the heart, blood-vessels, and lymphatics. When 
ooourriiig on internal surfaces, such as those of the serous membranes, 
blood-vessels, and lymphatics, it is often spoken of as endoUielium.. 

Polyhedral or spheroidal epithelium is characteristic of many 
Rooroting glands ; colanmar and ciliated epithelium are for the most 
part found covering the inner sui-face of mucons membranes, which 
are niunibranes lining passages in communication with the exterior, 
such as the alimentary canal and tlie respiratory and generative 
passagoH. 

Tlie detailiMl study of most of these may be reserved until the 
orKuiis in which they occur are respeotivcly dealt with. 

Tlio liaira and nnih and the enamel of the teetli are modified 
opitheliul tissues. 
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LESSON VII. 

COLUMNAR AND CILIATED EPITHELIUM, AND 
TRANSITIONAL EPITHELIUM, 

1. Take a piece of rabbit's intestine which has been two days in chromic 
acid solution (1 part chromic acid to 2,000 normal salt solution). Scrape the 
inner surface with a scalpel, break up the scrapings in a drop of water on a 
slide. Add a small piece of hair to avoid crushing, and cover the preparation. 
Sketch one or two colunmar cells and also a row of ceUs. Measure two or 
three ceUs and their nuclei. 

To keep this preparation, add a drop of dilute heematoxylin (1 drop of the 
ordinary solution to half a watch-glass-fid of distilled water) at one edge of the 
cover-glass. When the heematoxylin has passed in and has stained ihe cell- 
nuclei, place a drop of glycerine at the same edge, and allow it slowly to diffuse 
under the cover-glass. Cement this another day.^ 

2. Break up in glycerine a shred of epithelium from a piece of frog's 
intestine that has been treated with osmic acid, and has subsequently 
macerated in water for a few days. The ceUs easily separate on tapping the 
cover-glass. They are larger tnan those of the rabbit and exhibit certain 
points of structure better. Measure and sketch one or two cells. 

The cover-glass may be at once fixed by gold size. 

8. Prepare the ciliated epithelium from a trachea that has been in 
bichromate of potash solution (^ per cent.) for two days, in the same way as in 
§ 1. Measure in one or two of the cells (a) the length of the ceU, (6) the 
length of the cilia, (c) the size of the nucleus. Sketch two or three ceUs. 

This preparation is to be stained and preserved as in § 1. 

4. Make a similar teased preparation of the epithelium of the urinary 
bladder. Observe the large flat superficial cells, and the pear-shaped ceUs 
of the second layer. Measure and sketch one or two of each kind. 

Stain and preserve as in §§ 1 and 8. 



Columnar epithelium. — The cells of a columnar epithelium (fig. 21) 
are prismatic columns, which are set closely side by side, so that when 
seen from the surface a mosaic appearance is produced. They often 
taper somewhat towards their attached end, which is generally trun- 
cated, and set upon a basement membrane. Their free surface is 
covered by a thick striated border (fig. 22, sir), which may some- 
times become detached in teased preparations. The protoplasm of 
the cell is highly vacuolated or reticular, and fine longitudinal striae 
may be seen in it, which appear continuous with the striae of the 

' (Gentian-violet solution (see Appendix) may be employed instead of heema- 
toxylin. 
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free border. Tlie nacleus in^ is oral and retienlar. The lateral 
borders of the cells are often somewlmt irregolar or jagged, the 
result of tlie pressure of amoeboid Ijmph-eelLB, which are generallj 
found between the columnar cells, at least in the intestine. After a 
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SrnuUler cells are eeen l.»rtweeii the c-j'itheliuijj-ce'lsL j-rolttblj of tbe namre of -rlute blood «■ Ijvph 

meal containing much fat the cells may be filled with fat-globnles, 
which become stained black in the osmic preparation. 

Some of the columnar cells contain mucigen, which may greatly 
distend the part of the cell nearest the striated border. When the 




Fig. 22.— Columxau ki'itiieliumk'Ells ok the rabbit's intestixe. 

Tbe cells Imre been Isolated after maceration in ver^* weak chromic acirL The cells are much 
Ta<niolttte<l, and one of them lias a fat-g^obnle near its attached end ; the striated 
border (sfr) is we*.l seen, and the bright di«k fteparating it from the eel I -protoplasm ; 
n, nucleu-i with intranuclear network ; a, a tliinned-oat wing-like projection of the cell 
which protittbly fitte<l between two a^ljacent celJ^. 

mucigen is extruded as mucus, this border is thrown off, and the cell 
takes the form of an open cup or chalice { goblet-cell ^ fig. 23). 

Columnar epithelium-cells are found lining the whole of the interior 
of the stomach and intestines : they are also present in the ducts of 
most glands, and sometimes also in their secreting saccules. The epi- 
thelium which covers tlie ovary also has a modified columnar shape, 
but cells having all the structural peculiarities indicated above are 
found only in the alimentary canal and in its diverticula. 

Ciliated epithelium. — The cells of a ciliated epithehum are also 
usually columnar in shape (fig. 24), but in place of the striated border 
the cell is surmounted by a bunch of fine tapering filaments which, 
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dniii^ life, move Bpontaneously to and fro, and serve to produce a 
current of fluid Over the surface which tliey cover. 

The cilia are to be regarded as active prolongations of the cell- 
protoplaam. The border upon which they are set is bright, and 
appears formed of little juxtaposed hnobs, to each of which a cilium is 
attached. In the lai^e ciliated cells which line the ahmentary canal 
of some molluscs (fig. 25) the knob may be observed to be prolonged 
into the protoplaam of the cell as a fine varicose filament, termed the 
rootlet of the cihnm. These filaments may represent the longitudinal 
Btrite often seen in the protoplasm of the columnar cell, the bunch of 
cilia being homologous with the striated border. The protoplasm and 
nucleus have a similar vacuolated or reticular structure in both kinds 
of cell. Goblet cells may also occur in ciliated epithelia. 






Ciliated epithelium is found throughout the whole extent of the 
air -passages and their prolongations (but not the part of the nostrils 
supplied by the olfactory nerves, nor in the lower part of the pharynx) ; 
in the Fallopian tubes and the greater part of the uterus ; in some of 
the efferent ducts of the testicle (where the cilia are much longer than 
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elsewhere in the body) ; in the ventricles of the brain, and the central 
canal of the spinal cord ; and in the convoluted tubules of the kidney. 
Tranutional epithelliim is a stratified epithelium consisting of 
only two or three layers of cells. It occurs in the urinary bladder, 
the ureter, and the pelvis of the kidney. The superficial cells (fig. 
26, a) are lai^e and flattened ; they often have two nuclei. On their 
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layer adapMd to s depmst 






one of Ibe snperflcLal « 



under surface they exhibit depressions, into which fit the larger ends 
of pyriform cells, which form the next layer (fig, 26, b). Between 
the tapered ends of the pyriform cells one or two layers of smaller 
polyhedral cells are found. 



LESSON vin. 

STUDY OF CILIA IN ACTION. 

1. MoDHT in sea-wBter one or two bora of the gill of the marine muBsel 
(fig. 27). Study the action of the large cilia. Now place the preparaiion 
upon the copper warm alage (see-LesBon V.) and observe the effect of raising 
tne temperature. 






Fio. 2*.— Valvk a 



tnl, nwatle ; m, cut tdilnctor moiwTc ; I, maw ol TUcen ; (be dark prnjectlOD joit Hbon b the rooC. 

Keep this preparation until the end of the leason, by which time man; of 
the cilia will have become lan^d. When this ie the cose pass a drop of 
dilute potash solution (1 part KHO to 1,000 of sea- water) under tne cover-glasa 
and observe the effect. 



!. Cement with seoling- 



tuhing to a slide ao that 




Fio. Sg.— Moist 



one end of the tube comes nearly to the centre of the slide. On this put a 
ring of putty or modellinf; wax half an inch in diameter ho sb to include the 
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en<l cif the tube, anil make a ileej) noti^li in the ring opposite the tube. PIiLce 
a luiiall drop of water within the rint; (ti|^. 'Hi). 

l^t a bar from the RiU upon a. cuver-glasH in the least posBible quantity of 
sea-water ; invert tlie cover.Rlaas over the putty ring, and press it gently 
down. The preparation hangs in a moial chamber within which it can be 
studied through the cover-glaaa, and into wliich gases or vapours can be passed 
and their effetts observed. 

Pass COj through the (chamber, and after observing the effect replace it by 
air (see fig. 2U). Itepeat with chloroform vaiionr instead of CO.j. 



The Hovement of Cilia. — When in motion a ciiium is bent quickly 
over in one direction with a lashing wliip-like movement, immediately 
recovering itself. When vigorous the action ia so rapid, and the 
rhythm so frequent, that it is impossible lo follow the motion with the 
eye. All the cilia upon a ciliated surface are not in action at the same 




instant, but the movement travels in waves over the surface. If a cell 
is detached from the general surface, its cilia continue to act for a 
while, but at once cease if they are detached from the cell. 

The rhythm is slowed by cold, quickened by warmth, but heat 
beyond a certain point kills the cells. The movement will continue 
for some time in water deprived of oxygen. Both CO, gas and chloro- 
form vapour arrest the action, hut it recommences on restoring air. 
Dilute alkaline solutions quicken the activity of cilia, or may even 
restore it shortly after it has ceased. 
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LESSON IX. 

THE CONNECTIVE TISSUES. 

AREOLAR AND ADIPOSE TISSUE. 

1. Take a little of the subcutaneous tissue or of the intermuscular connective 
tissue of a rabbit or guinea-pig and spread it out with needles on a dry slide 
into a large thin film. Keep the centre moist by occasionally breathing on 
it, but allow the edges to dry to the slide. Before commencing put a drop 
of salt solution on a cover-glass, and now invert this over the film. Ex- 
amine with a high power. Sketch one or two bundles of white fibres and 
also one or two elastic fibres, distinguishable from the former by their 
sharp outline, isolated course, and by their branching. Sketch also one or 
more connective-tissue corpuscles, if any such are visible in the clear inter- 
spaces. Look also for migratory cells (lyniph-cor])U8cles). Next carefully 
remove the cover-glass and replace the salt solution by dilute acetic acid. 
Watch its effect in swelling the white fibres and bringing more clearly into 
view the elastic fibres and corpuscles. Look for constricted bundles of white 
fibres. 

2. Make another film in the same way, but mount in dilute magenta 
solution * instead of saline solution. The elastic fibres are deeply stained by 
the dye ; the cells are also well sliown. When the staining is completed pass 
dilute glycerine under the cover-glass and cement this at once with gold 
size. 

3. Prepare another film of the subcutaneous tissue, including a little 
adipose tissue. Mount in glycerine and water, coloured by magenta, with a 
piece of hair under the cover-glass to keep this fi-om pressing unduly upon the 
fat-cells. Cement at once with gold size. Examine first with a low and after- 
wards with a high power. The nucleus and envelope of the fat- cell are well 
brought out by the magenta, and if from a young animal, fat-cells will be 
found in process of formation. Measure and sketch two or three of the cells. 

4. Spread out another large film of connective tissue, letting its edges dry 
to the slide. Place on its centre a large drop of nitrate of silver solution 
(1 per cent.). After ten minutes wash this away with distilled water, mount 
in Farrant \ and expose to the sunlight until stained brown. Sketch the out- 
lines of two or three of the cell-s2)acos. 



The connective tissues include areolar tissue j adipose tissue, cZas^ic 
tissue, fibrous tissue, retiform and lymphoid tissue, cartilage and bone. 
All these tissues agree in certain microscopical and chemical charac- 
ters. They, for the most part, have a large amount of intercellular 
Eubstance in which fibres are developed, and these fibres are of two 

' See Appendix. 
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kinds — white and yellow or elastic. Moreover, there are many points 
of similarity between the cells which occnr in these several tissues ; 
they aie also developed from the same embryonic formation, and they 
tend to pass imx>erceptibly the one into the other. Besides this, 
their use is everywhere similar ; they serve to connect and support 
the other tissues, performing thug a passive mechanical function. 
They may therefore be grouped together, although differing consider- 
ably in external characters. Of tbese connective tissues, however, 
there are three which are so intimately allied as to be naturally con- 
sidered together, being compOBed of exactly the same elements, although 
differing in the relative development of those elements ; these are the 
areolar, elastic, and fibrous tissues (adipose tisane may be looked upon 
as a special modification of areolar tissue). Areolar tissue being the 
commonest and, in one sense, the most typical, its structure may be 
considered first. 

Areolar tiune. — The areolar tissue presents to the naked eye an 
appearance of fine transparent threads and laminte which intercross in 
every direction with one another, leaving intercommunicating meshes, 
or areola, between them. When examined with the microscope, these 
threads and fibres are seen to be principally made up of wavy bundles 
of exquisitely fine transparent fibres [white fibres, fig. SO). The bun- 
dies run in different directions, and may branch and intercommuni- 
cate with one another ; but the individual fibres, although they pass 
from one bundle to another, never branch or join other fibres. The 




fibres are cemented together into the bundles by a clear substance 
containing mucin, and the same clear material forms also the basis or 
ground-stibstance of the tissue, in which the bundles themselves course, 
and in which also the corpuscles of the tissue lie embedded. This 
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gronnd-BabBtance between the bundles can with difficulty be seen In 
the fresh UsBue on account of ita extreme transparency ; but it can be 
brought to view by staining with nitrate of silver, as in § 4. The whole 
of the tissue is thereby stained of a brown colour, with the exception of 
the spaces which are occupied by the corpuscles {cell-spaceg, fig. 81). 

Besides the white fibres of connective tissue here described, fibres 
of a different kind (fig. 82) may be made out in the preparations ; 





these are the elastic fibres. They are especially 
well seen after treatment with acetic acid, and 
a&er staining with magenta ; but they can be de- 
tected also in the fresh preparation. They are 
characterised by their distinct outline, their straight 
course, the feiot that they never run in bundles, but 
singly, and that tliey branch and join neighbouring fibres. If broken 
by the needles ui making the preparation, the elastic recoil causes 
them to curl up, especially near the broken ends. Besides the 
microscopical differences, the two kinds of fibres differ also in their 
chemical characters. Thus the white fibres are dissolved by boiling in 
water, and yield gelatin ; whereas the substance of which the elastic 
fibres are composed {elastmj resists for a long time the action of boil- 
ing water. Moreover, the white fibres swell and become indistinct 
under the action of aoetio acid ; the elastic fibres are unaltered by this 
reagent. 

The bundles of white fibres wliich have been swollen out by acid 
sometimes exhibit curious constrictions (iig. 82). These are due either 
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to elastic fibres coiling round the white bundles, or to cell processes 
encircUng them, or to an investment or sheath which remains un- 
broken at certain parts, and thus prevents the swelling up of the 
bundle at these places. 

The cells of areolar tissue are generally flattened and more or less 
branched (fig. SB), but may be of an elongated form. They usually con- 




fVf 




Fig. 33. — Two flattknkd and branched coNNEiTivE-TissuK corpuhcles 

FROM THE SUBCUTANEOUS AREiH.AR TISSUE. 

Opposite / a secondary lamella, projecting towards the obsenrer, ia seen Jn optical 

section as a dark line. 

tain a single large oval nucleus ha\dng the usual structure of cell-nuclei. 
Their protoplasm is generally much vacuolated, and it may also contain 
granules. In the middle coat of the eye the connective-tissue cells are 

filled with granules of pigment. 
The cells lie in spaces in the 
gi'ound- substance between the 
bundles of white fibres. In some 
parts of the connective tissue the 
white bundles are developed to 
such an extent as to pervade 
almost the whole of the ground- 
substance, and then the con- 
nective-tissue corpuscles become 
squeezed into the interstices, 
flattened lamellar expansions of 
the cells extending between the 
bundles, as in tendon (see next 
Lesson ) . The cells are frequently 
joined either into a network by 
branching processes (fig. 84), or 
edge to edge, like the cells of an 
epithelium (fig. 86) ; in either 
case the cell- spaces are also con- 
joined equally intimately. 
Besides the flattened, branched, 
and elongated connective- tissue corpuscles, others are met with which 
are like very large lymph-corpuscles in appearance, and are filled witli 
distinct granules, which are stained deeply by aniline dyes. These 
cells are very common m the neighbourhood of blood-vessels, cspe- 




fiG. 34.— Ramified (onxw tivk-tissie 

CORPUSCLES. FROM AUTK UL.\K SYNOVIAL 
MEMBRANE OF OX. 




daily where fat ia becoming developed (see Ag. 37) ; they exhibit slight 
indications of amoeboid movement, and are known as iiio plasma-cells. 
Migratory or lymph-cells may also be seen here and there in the tissue. 
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The branched cells and cell-spaces of areolar tissue come into 
intimate relation with the cells lining the lymphatic vessels and small 
blood-vessels. This connection can best be seen in silvered prepara- 
tions ; it will be again referred to in speaking of the origin of the 
lymphatics. 

Adipose tiiBae consists of vesicles filled with fat (fig. 86), and col- 
lected into lobules or into tracts which accompany the small blood- 
vessels. The vesicles are round or oval in shape, except where closely 
packed, when they become polyhedral from mutual compression. The 
fat-drop is contained within a delicate protoplasmic envelope (fig. 86, 
m) which is thickened at one part, and here includes an oval flattened 
nucleus. The voBiclea are supported partly by filaments of areolar 
tissue, but chiefly by a fine network of capillary blood-vessels. 

The fat when first formed is deposited within plasma-cells of areolar 
tissue (fig. 87). It is at first in separate droplets within each cell, but 




as these droplets increase in size they nm together into a larger drop, 
which gradually fills the cell more and more, sweUing it out so that 
the cell -protoplasm eventually appears merely aa the envelope of the 
fat- vesicle. 

Fat is fonnd most abundantly in subcutaneous areolar tissue, and 
under the serous membranes ; especially in some parts, as at the back 
of the peritoneum around the kidneys, under the epicardium, and in 
the mesentery and omentum. The marrow of the long bones is also 
principally composed of fat. 
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LESSON X. 

THE CONNECTIVE TISSUES (cofitinued), 

ELASTIC TISSUE, FIBROUS TISSUE, SPECIAL VARIETIES, DEVELOPMENT 

OF CONNECTIVE TISSUE. 

1. Tease out as finely as possible a small shred of elastic tissue (ligamentum 
nuchse of the ox or ligamenta subflava of man) in Farrant*8 solution ^ and 
cover the preparation. Note the large well-defined fibres constantly branching 
and uniting with one another. Look for transverse markings on the fibres. 
Measure three or four. Sketch a small part of the network. Note the 
existence of bundles of white fibres amongst the elastic fibres. 

2. Mount in Farrant a thin transverse section of ligamentum nuchas 
which has been hardened in 2 per cent, solution of bichromate of potash. 
Observe the grouping of the fibres and their angular shape. Sketch one or 
two groups. 

3. Pinch off the end of the tail of a dead mouse or rat, draw out the long 
silk-like tendons and put them into saline solution. Take two of the longest 
threads and stretch them along a slide, letting the ends dry firmly to the slide 
but keeping the middle part moist. Put a piece of hair between them and 
cover in saline solution. Observe with a high power the fine wavy fibrillation 
of the tendon. Draw. Now run dilute acetic acid under the cover-glass, 
watch the tendons where they are becoming swollen by the acetic acid. 
Notice the oblong nucleated cells coining into view between the tendon 
bundles. Sketch three or four cells in a row. Lastly, lift the cover-glass, 
wash away the acid with distilled water, place a drop of hsematoxylin solution 
on the tendons, and leave the preparation for fifteen minutes or more ; then 
wash away the logwood and mount the preparation in acidulated glycerine. 
Cement the cover-glass with gold size. 

4. Immerse one or two other pieces of tendon in nitrate of silver solution 
(1 per cent.) for ten minutes, then wash them in distilled water, stretch 
them upon a slide, mount in Farrant, and expose to the sunlight. 

5. Stain with magenta solution ^ a thin section of a tendon which has 
been hardened in alcohol. Mount in dilute glycerine and cement the cover- 
glass at once* Sketch a portion of the section under a low power. 



Elastic tissne is a variety of connective tissue in which the elastic 
fibres preponderate. It is found most characteristically in the liga- 
mentum nuchsB of quadrupeds and the ligamenta subflava of the 
vertebrsB, but the connective tissue of other parts may also have a con- 
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BJderablc development of el&stic fibres. It occniB also in an almoet 
pare form in the walls of tbe air-tabes, and uniting the cutilagea of 
the larynx. It also enUrs largely into the formation of the walla of 
the blood -vessels, especially the arteries. 

In the hg&mentum qqcIud the fibres are very large and angqlar 
(fig. 88) ; they often exhibit cross -markings or even transverse clefta. 
When dragged asunder, they break sharply across ; they constantly 
branch and unite, so as to form a close network. In transverse 
section they are seen to be separated into small groups (fig. 89) by 
intervening white bundles of connective tissue. 




Elastic tissue does not always take the form of fibres, but may 
occur as membranes (as in the blood-vessels). Sometimes the fibres 
are very small, but their microscopical and chemical characters are 
always very well marked (see p. 31). 

Fibrous tissue is almost wholly made up of bundles of white fibres 
running in a determinate direction. These again are collected into 
larger bundles, which give the fibrous appearance to the tissue. The 
bundles ate constantly uniting with one another in their course, although 
their component fibres remain perfectly distinct. 

The interspaces between the larger bundles are occupied by areolar 
tissue (fig. 40) in which the blood-vessels and lymphatics of the fibrous 



FIBROUS TISSUE 
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Fia. 42.— Tbanbtebbe si 

(175 dUmeUrs.) 

. The Ssttesed pmcnaM ol tbf CendoD-ctllH ^ipeu in uctfon u lines, tteqnesUy comlDg off at 
right angtes Irom tbe body of the cell. 
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tissue are conveyed. The interstices between the smallest bundles 
are occupied by rows of connective-tissue corpuscles (tendon-cells) , 
which from being squeezed up between three or more bundles become 
flattened out in two or three directions. In transverse section the cells 
appear somewhat stellate (figs. 40, 42), but when seen on the flat 
they appear lamellar (fig. 41), and from this aspect their general shape 
is square or oblong. They lie, as before said, in rows between the 
tendon-bundles, and the nuclei of adjacent cells are placed opposite 




Fig. 43. — Eight cells from the same tendon as represented in fig. 41. 

(425 diameters.) 

The nnclei, with their numerous nucleoli, are coloured by the logwood. The dark lines on 
the surface of the cells are the optical sections of lamellar extensions directed towards or 
away from the observer. 

one another in pairs (fig. 43). The cell- spaces correspond in general 
figure and arrangement to the cells which occupy them (fig. 44). 




Fig. 44. — Cell-spaces of tendon of mousf/s tail, brought into view by 

TREATMENT WITH NITRATE OF SILVER. (175 diameters.) 



Fibrous tissue forms the tendons and ligaments, and also certain 
membranes, such as the dura mater, the fibrous pericardium, the fascisB 
of the limbs, the fibrous covering of certain organs, &c. It is found 
wherever great strength combined with floxibiUty is concerned. It 
receives a few blood-vessels, disposed longitudinally for the most part, 
and contains many lymphatics. Tendons and ligaments also receive 
nerve-fibres, which, in some cases, end in small locahsed ramifications 
like the end-plates of muscle, while others terminate in end-bulbs or in 
simple Pacinian corpuscles. 

Eetiform or reticular tissne is a variety of connective tissue in 
which the intercellular or ground substance has mostly disappeared or 
is replaced by fluid, very few or no fibres having been developed in it ; 
and these, when present, are enwrapped by the cells. The tissue is 
composed almost entirely of the cells, which are ramified and united 
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with one another into a network or sponge- work by tlieir processes ; 
in some cases, the cell-nuclei have disappeared (as at b, fig. 46). 



Fio. 45.— Thin 




Lymphoid or adenoid tisiue ia retiform tissue in which the meshes 
of the network are largely occupied by lymph -coipuscles. This is by 
&r the most common condition of & retiform trssae, and is met with in 
the lymphatic glands and allied structures (see Lesson XXII.), and also 
in the tissue of the alimentary mucous membrane, and in some other 
situations. 

Baaement membranes (membrauEc propris) are homogeneous-look- 
ing membranes, which are found forming the surface -lay ere of con- 
nective-tissue expansions in many parts, especially where there is a 
covering of epithelium, as on mucous membranes, in secreting glands, 
and elsewhere. They are generally formed of flattened connective- 
tissue cells joined together to form a membrane ; but, in some cases, 
they are evidently formed not of cells, but of condensed ground- 
substance, and in others they are of an elastic nature. 

Jelly-like connectiTe tiune, although occurring largely in the em- 
bryo, is found only in one situation in the adult — viz. forming the 
vitreous humour of the eye. It seems to be composed entirely of soft 
ground- substance, with cells scattered here and there through it, and 
with very few hbres, or none at all. These several varieties of con- 
nective tissue will be more fully described in connection with the 
organs where they occur. 

Development of oonneotive tiune. Connective tissue is always 
developed in the mesoldaBt or mesoderm of the embryo. In those 
parts of this layer which are to form connective tissue, the embryonic 
cells become separated &om one another by a, muco-aibuminous semi- 
fluid intercellular substance (ground -substance), but the cells generally 
remain connected by their proceeses. The connective -tin sue fibres. 
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both white and elastic, are depoBited in this ground- substanee.thd 
elastic substance usually in the form of granules (fig. 47, g), which 




Bubsequently became connected together into elastic fibres or lanunie, 
aa the case may be, the white fibres appearing at first in the form of 
very fine bundles, which afterwards become gradually lai^r ; bo that 
in fibrous tissue the whole ground-Hubstance is eventually pervaded by 
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them, and the cells of the tissue become squeezed up into the intervals 
between them. Before any considerable development of fibres has 
taken place, the embryonic connective tissue has a jelly-like appear- 
ance ; in this form it occurs in the umbilical cord, where it is known 

as the jelly of Wharton (fig. 46). 
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LESSON XL 

THE CONNECTIVE TISSUES {continued). 

ARTICULAR CARTILAGE. 

1. Cut two or three very thin tangential Edices of the fresh cartilage of a joint, 
mount them in saline solution and examine with a high power. Observe care- 
fully the form and grouping of the cells. Look at the thm edge of the section 
for spaces from which the cells have dropped out. Measure two or three 
cells and their nuclei, and sketch one or two groups. Now replace the sahne 
solution by water and set the preparation aside for a little while. On again 
examining it, many of the cartilage- cells will be found to have shrunk away 
from their containing capsides. 

2. Make other sections of the cartilage (1) from near the middle, (2) from 
near the edge. Mount in magenta solution, and when stained add dilute 
glycerine and cement the cover-glass. In (2) look for branched cartilage-cells. 
Draw one or two. 

3. Make vertical sections of articular cartilage from a bone which has 
been for several days in j[ per cent, chromic acid solution, and mount the 
sections in Farrant. Sketch the arrangement of the cells in the different 
layers. 

4. Wash a fresh joint with distilled water ; drop 1 per cent, nitrate of 
silver solution over it; after ten minutes wash away the nitrate of silver 
and expose in water to the light. When browned, cut thin sections from 
the surface and moimt in Farrant. The cells and cell-spaces show white in 
the brown ground-substance. Draw. 



Cartilage or gristle is a translucent bluish-white tissue, firm, and 
at the same time elastic, and for the most part found in connection 
with bones of the skeleton, most of which are in the embryo at first 
represented entirely by cartilage. Two chief varieties of cartilage are 
distinguished. Li the one, which is termed hyaline, the matrix or 
ground- substance is clear, and free from obvious fibres ; in the other, 
which is termed fibro-cartilage, the matrix is everywhere pervaded by 
connective-tissue fibres. When these are of the white variety, the 
tissue is white fibro-cartilage ; when they are elastic fibres, it is yellow 
or elastic fibro-cartilage. 

Hyaline cartilage occurs principally in two situations — namely 
(1) covering the ends of the bones in the joints, where it is known as 
articula/r cartilage ; and (2) forming the rib-cartilages, where it is 
known as costal ca/rtilage. It also forms the cartilages of the nose, the 
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external auditory meatus, the larjrns, and the windpipe ; in these places 
it serves to maintam the shape and patency of the oniices and tubes. 

ArticiLlar cartilage The cells of articular cartil^e are mostly 
scattered in groups of two or four throughout the matnx (fig. 48). 
The latter is free from fibres, except at the extreme edge of the 
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cartilage, where the connective-tissue fibres fi^m the synovia mem- 
brane extend into it ; and here also the cartilt^e- cells are often 
branched, and offer transitions to the branched connective -tissue cor- 
puscles of that membrane {transitiotial cartilage, fig. 49). By long 
maceration, however, some observers have obtained evidence of a 
fibrous Btructure even in the matrix of true hyaline cartilage. The 
matrix immediately around the cartilage-cells is often marked off from 
the rest by a concentric line or lines, this part being known as the 
capxule of the cell. The cells are blimtly angular in form, the sides 
opposite to one another in the groups being generally flattened. The 
protoplasm is very clear, but it may contain droplets of fat ; and with 
a h^h power fine interlacing filaments and granules have been 
observed in it (fig. 60). During hfe the protoplasm entirely fills the 
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cavity or cell-space which it occapieg in the matrix ; but after death, 
and in coneeqnence of the action of water and other agenta, it tends to 
shrink away from the capsule. Tbo nucleus is round, and shows the 
usual intranuclear network. 




In vertical section (fig. 51) the deeper cell-groups (c) are seen to be 
arranged vertically to the surface, the more superficial ones (a) parallel 
to the snrface ; whilst in an intermediate zone the groups are irregu- 
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larly diepOBed {b). ' In the deepest part, of the cartilage, next the bone, 
there is often a deposition of calcareous salts in the matrix {calcified 
cartilage, d). 

The disposition of the cells of cartilage in groups of two, four, and 
so on, is apparently due to the fact that these groups have originated 
from the division of a single cell first into two, and these again into 
two, and ao on {&<• 52) It would seem that the matrix is formed of 
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successive portions, which are deposited around each cartilage-cell as the 
BO-called ' capsules, each newly formed portion soon blending in its turn 
with the preyioualy formed matrix, whilst a new capsule is formed 
within it. The division of the cartilage -cell, like that of other G«lla, 
is accompanied by a process of karyomitosis. 



LESSON XII. 
THE CONNECTIVE TISSUES (continued). 



1. Make transverse and longeotial aectioos of a rib- cartilage, stain them with' 
magenta, and mount in dilute glycerine, cementing at once. Sketch a part of 
a transverse section under a low power and a ccpll-group from one of the 
tangential sections under a high power. Notice especiall; the arrangement 
of the cells, somewhat concentric near the surface but radial near the centre. 
The costal cartilages are often ossified near the middle. 



n of the cartilage of the external ear. Mount in dilute 
glycerine fointly coloured with magenta. If from the ox, notice the very 
large reticulating elastic fibres in the matrix. Notice also the isolated 
granules of elastin, and around the cartilage -cells the area of clear ground- 
substance. Draw a small portion of the section. 



n the B 



e way. Notice the closer 



4. Cut sections of white fibre -cartilage (intervertebral disk), and stain 
them with dilute magenta. Mount in dilute glycerine. Observe the wavy 
fibres in the matrix and the cartilage -cells lying in clear areas often con- 
centrically striated. Look for branched cartilage- cells. Sketch three or four 
cells and the adjoining fibrous matrix. 



CoBtal cartilage — In the costal cartilages tlie matrix is not always 
so cle&r as m the matrix of the joints for it often happens that fibres 
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become developed in it. The cells are generally larger and more an- 
gular than those of articular cartilage, and collected into larger groups 
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(fig. 54). Near the circamference, and under the perichondrinm or 
fibroaa covering of the cartilage, thej are flattened and parallel to the 
surface, bat in the deeper parts the; have a more irregular or a radi- 
ated arrangement. They frequently contain fat The cartilages of the 
larynx and windpipe and of the nose resemble on the whole the costal 
cartilages, bat the study of them may be deferred imtil the organs 
where they occnr are dealt with. 

Elastic 01 yelloT flbio-cartilage occurs in only a few situations 
These are, the cartilage of the external ear and that of the Eustachian 
tube, the epiglottis and cartilages of Santorini of the larynx, and in 
some animals, e.g. the ox, the upper third of the arytenoids. The 
matrix is everywhere pervaded with well-delined branching fibres, 
which unite with one another to form a close network (fig. 55). These 





(Higbly magaiOed.) 



fibres resist the action of acetic acid, and are stained deeply by magenta ; 
they are evidently elastic fibres In the ox they are very large, but 
smaller in man especially m the caitilage of the epiglottis (fig. 66)- 
They appear to be developed by the deposition of granules of elastiu 
in the matrix, which at first He singly, but afterwards become joined to 
form the fibres. 

White flbro-cartilage is found wherever great strength combined 
with a certain amount of rigidity is required : thus we frequently find 
fibro-cartilage joining bones together, as in the case of the intervertebral 
disks and other symphyses. Fibro-cartOage is frequently employed to 
line grooves in which tendons run, and may also be found in the tendons 
themselves. It is also employed to deepen cup-shaped articular sur- 
faces ; and in the case of the interarticular cartilages, such as those 
of the knee and lower jaw, to allow greater freedom of movement 
whilst diminishing the liability to dislocation. Under the microscope 
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white fibro- cartilage looks very like fibrous tissue, but its oelle are car- 
tilage-, not tendon-, cells (fig. 57). They are rounded or bluntly angular 
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(Highlj' magnified.) 



and surrounded by a concentrically striated area of clear cartilage- 
matrix. In some parts of tlie intervertebral disk many of tbe cells arc 
brancbed, and maybe looked upon as transitional forms to connective- 
tissue corpuscles. 
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LESSON XIII. 

BONE AND MARROW. 

1. In thin sections of hard bone made by grinding, observe the Haversian 
canals, lamellae, lacunae, canaliculi, &c. Make a sketch iirst mider a low and 
afterwards mider a high power. 

2. With fine forceps strip off a tliin shred from a bone which has been 
decalcified in nitric acid and afterwards kept for some time in dilute alcohoL 
Moimt the shred in water. Observe the fibrous structure of the lamellae. 
Look for perforating fibres or the holes from which they have been dragged 
out. Sketch a small piece of the thin edge of a lamella. 

8. Stain with dilute magenta very thin sections of compact bone which 
has been decalcified in chromic or picric acid, and mount in dilute glycerine, 
cementing at once. Look for fibres of Sharpey piercing the circumferential 
lamellae. The elastic perforating fibres are more darkly stained than the 
others. Notice the stained nuclei of the bone-corpuscles in the lacunae. 
In the thinnest parts of the sections try to make out the blood-vessels and 
other structures in the Haversian canals. 

4. Mount in Canada balsam sections of marrow (from a long bone) stained 
with haematoxylin or borax-carmine.' Observe the fat-ceUs, the reticular 
tissue supporting them, the proper marrow-cells in this tissue, &c. 

5. Tease in saline solution some of the rod marrow from the rib of a 
recently killed animal. Observe and sketch the proper marrow-ceUs and 
look for myeloplaxes and nucleated coloured blood-corpuscles. If examined 
carefully, amoeboid movements may bo detected in the latter and in the 
marrow-cells. 



Bone is a connective tissue in which the ground-substance is im- 
pregnated with salts of lime, chiefly phosphate, these salts constituting 
about two-thirds of the weight of the bone. When bones are macerated 
this earthy matter prevents the putrefaction of the animal matter. 
When bones are calcined they lose one-third of their weight, owing to 
the destruction of the animal matter ; when steeped in acid the earthy 
salts are dissolved and only the animal matter is left. This, like 
areolar and fibrous tissue, is converted into gelatine by boiling. 

Bony tissue is either compact or cancellated. Compact bone is 
dense like ivory ; cancellated is spongy with obvious interstices. The 
outer layers of all bones are compact, and the inner part is generally 
cancellated, but the shaft of a long bone is almost entirely made up of 

' See Appendix. 
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compact substance except along the centre, which is hollow and filled 
with maiTow. The interstices of cancellated bone are also occupied 
by marrow. Externally bones are covered except at the joints by a 
vascnlar fibroiiB membrane, the periosteum. 

True bone is always made up of lamella, and these again are com- 
posed of fine fibres lying in a calcified ground-substance. Between 
the lamelln are branched cells, the bone-corpuscles, which lie in cell- 
spaces or lacuna. The ramified passages which contain the cell-pro- 
cesses are termed canaliculi. 

In cancellated bone the blood-vessels run in the interstices supported 
by the marrow. In compact bone they are contained in httle canals — 
the Haversian canals — which everywhere pervade the bone. These 
canals are about O'OS mm. (^^ inch) in diameter, but some are 
smaller, others larger than this. Their general direction is longitudinal, 
i.e. parallel to the long axis of the bone, but they are constantly united 
by transversely and obliquely running passages. In a section across 
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Fio. 58.— Tbanbybrsi' sectiov of a bone (ilma). (Mfgnified 20 diametera.) 



the shaft of a long bone they are seen as small rounded or irregular 
holes (fig. 66). When the section has been made by grinding, the 
holes get filled up with air and debris, and they then look black by 
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transmitted light, as do also the lacunce and oanaliculi {fig. 59). Most 
of the lamellffi in compact bone are disposed concentrically around the 
Haversian canals ; they are known as the Haversian lamellse, and with 
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t'lG. o9.— TnvMiELiBb atcTii v of (ompact tissue (ot iiUMERLB) (Mogoitaed 

about 150 dumeters.) 

Three of Uie HsTer^dso catuls are seen, with their concentric rlng^ ; also the Iudob. witli 



the included canal form what is known as a Haversian system. The 
lacunfe of a Haversian system communicate with one another and 
with the Haversian canal, but not as a rule with the lacuns of other 
Haversian systems. The angular interstices between the Havergian 
systems are generally occupied by bony substance, which is fibrous but 
not distinctly lamellar. Besides the lamellteof the Haversian systems 
there is a certain thickness of bone at the surface, immediately under- 
neath the periosteum, which is composed of lamellffi arranged parallel 
with the surface ; these are the circumferential or periosteal lamella 
(fig, 68, a). They are pierced here and there by canals for blood- 
vessels, which are proceeding from the periosteum to join the system 
of Haversian canals, and also by calcified bundles of white fibres and 
by elastic fibres which may also be prolonged from the periosteum. 
These are the perforating fibres of Sharpey (fig. CO). 

The lamellffi of bone are fibrous in structure. This may be seen in 
shreds torn off from the superficial layers of a decalcified bone (fig. 
61). The fibres often cross one another in adjacent lamellie, and in 
the Haversian systems they run in some lamella concentrically, in 
others parallel with the Haversian canal. In shreds of lamellie which 
have been peeled off from the surface the perforatuig fibres may some- 
times be seen projecting from the surface of the ahred, having been 
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torn out of the deeper lamellte (&g. 61 c, c). Where tendons or liga- 
ments are inserted into bone, their bundles of white fibres are prolonged 
into the bone as perforating fibres. 

The lacunte are occupied by nucleated corpuscles, which send 
branches along the canaliculi. 

The Haversian canals contain one or two blood-capillaries and 
nervous filaments, besides a little connective tissue ; and the larger 
ones may also contain a few marrow-cells. There are also cleft-like 
lymphatic spaces running parallel with the vessels and connected by 
means of canaliculi with neighbouring lacunte in the osseous substance 
(fig. 62). 




The perioatenm, which is best studied in sections from a bone which 
has been decalcified in chromic or picric acid, is a fibrous membrane 
composed of two layers, the inner of which contains many elastic 
fibres. In the outer layer numerous blood-vessels ramify and send 
from it branches to tlie Haversian canals of the bone. The periosteum 
ministers to the nutrition of the bone, partly on account of the blood- 
vessels it contains, partly, especially in young animals, on account of 
the existence between it and the bone of a layer of osteoblasts or bone- 
forming celts, a remainder of those which originally produced the bone. 

The marrow of bone is of a yellow colour in the shafts of the long 
bones, and is there largely composed of adipose tissue, but in the can- 
cellated tissue it is red, the colour being partly due to the lai^e amount 
of blood in its vessels. This red marrow is cliiefly composed of round , 
nucleated cells— the marrow-cells (fig. fiS, e-i) — which resemble large 
lymph -corpuscles, and, like these, are amceboid. There are also to be 
seen mingled with them a number of corpuscles somewhat smaller in 
size, hut nucleated and amceboid, and of a reddish tint (fig. C3, j-1) ; 
these are beheved to be cells in process of development into coloured 
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blood-corpusoleB {hamatoblasts). Lastly the marrow contauiB a certain 
number of very large cells with multiple nuclei, the inyehplaxea (fig. 
68, a, b, c, d). These are especially numerous wherever bone is 
becoming absorbed. The marrow ia very vascular, the capillaries and 
veins being large and thin-walled ; indeed, according to some authorities, 
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Fiu. 66.— Cblls of tiir nxD maihiuw ot tiiu (iriNKA-i'ic. (Ilif^lily inii(.mil1<^].) 
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the walls of the capillaries are imperfect, ro that there Is an open com- 
munication between them and the interatices of the tissue, and hi this 
way it is supposed that the coloured blood-diaks, which are believed to 
be produced from the coloured nucleated cells of the maiTow, may get 
into the circulation. 
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LESSON XIV. 

DEVELOPMENT OF BONE. 

1. Mount in Canada balsam a section of the lower jaw of a foetus which has 
been stained in bulk with magenta or haematoxylin and embedded in paraffin.^ 
Find the part where the lower jaw-bone is becoming ossified, and carefully 
study the appearances which it presents. The bone is prolonged in the form 
of osteogenic fibres which are covered with osteoblasts. 

2. Intramembranous ossification may also be studied in the parietal bone 
of a foetus which has been preserved in MUller*s fluid. A piece of the growing 
edge is scraped free from its investing membranes and mounted in glycerine 
or Farrant. 

3. Mount in Canada balsam sections of a foetal limb which has been stained 
with magenta. The bones will be found in different stages of ossification, 
those of the digits being least developed. Make sketches illustrating the 
three chief stages of endochondral ossification. Notice the peculiar ter- 
minal ossification of the third phalanx. 

4. Make with a sharp scalpel a longitudinal section at the line of ossifica- 
tion in a more advanced bone which has not been decalcified. These 
sections wiU show the mode of progress of the calcification. The sections 
can be mounted in Farrant 's solution. 



True bone is essentially formed in all cases by an ossification of 
connective tissue. Sometimes the bone is preceded by cartilage, which 
first of all becomes calcified, and this is then invaded, and for the most 
part removed, by an embryonic tissue which re -deposits bony matter in 
the interior of the cartilage, whilst at the same time layers of bone are 
being formed outside underneath the periosteum. This is intracar- 
tilaginoiLs or endochondral ossification. Sometimes the bone is not 
preceded by cartilage, and then the only process which occurs is one 
corresponding to the subperiosteal ossification of the former variety ; 
the ossification is then known as intramembranous. 

Ossification in Cartilage. — This may be described as occurring in 
three stages. In the first stage the cells in the middle of the cartilage 
become enlarged and arranged in rows radiating from the centre 
(fig. 64), and fine granules of calcareous matter are deposited in the 
matrix. Simultaneously with this the osteoblasts underneath the 

' For the methods of staining and embedding 1 and 3, see Appendix, ' Embedding 
in Paraffin.' 
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perioBtenm deposit a layer or layers of fibrous lamella; npon the sar&ce 
of tbe cartilage, and these lamellffi also become calcified (fig. 64, rm). 
As tbey &re ISirmed some of the osteoblasts (ol are included between 
them and become bone -corpuscles. 




In the second stage some of the subperiosteal tissue eats its way 
through the newly formed layer of bone and into the centre of the cal- 
cified cartilage (fig. 66, ir]. This is freely absorbed before it, so that 
large spaces are produced which are filled with osteoblasts and contain 
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nnmeronB blood-vessels which have grown in at the same time. [The 
spaces are termed medullary 'spaces, and this second stage may be 
termed the stage of irruption. 
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In the third stage of endochondral oaaification there is a gradual 
advance of the ossiiication towards the extremities of the cartilage, 
and at the same time a gradual deposition of fresh bony lamellte and 
spicules on the walla of the medullary spaces, and on the surface of 
the new bone under the periosteum. The advance into the cartilage 
always takes place by a repetition of the same changes, the cartilage- 
cells first enlarging and becoming arranged in rows, the matrix 
between the rows becoming calcified, and then the calcified cartilage 
becoming excavated from behind by the osteoblastic tissue so aa to form 
new medullary spaces (fig. G7). The wails of these are at first formed 
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only by remains of the c&lcified cartilage -matrix (fig. 67, c), but tliey 
aooQ become tbickened by lamellte of fibrouti bone it) wbicli are 
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advances pari passu with the endochondral calcification, but beyond 
this the uncalcified cartilage grows both in length and breadth, so that 
the ossification ia always advancing into larger and larger portions of 
cartilage ; hence the endoclionilraL bone as it forms assumes the shape 
of an hour-glaas, the cylindrical shape of the whole bone being main- 
tained by additions of periosteal bone to the outside (see fig. 66). The 
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absorption of tlie calcified cartilage -matrix appears to be effected, as is 
the ease with absorption of bony matter wherever it occurs, by large 
multinucleated cells (fig. 07,/,/) which are termed osteoclasts. They 
are the Bame as the myeloplaxes of the marrow. 

The bone wliicli is first formed is more reticular and less roKutarly 
lamellar than that of the adult, and contains no I{avorsian systems. 
The regnlar lametlte are not deposited until some little time after birth, 
and their deposition is generally preceded by a considerable amount of 
absorption. It is about this time also that the medullary canal of the 
long bones is formed by tiie absorption of the bony tissue which 
originally occupies the centre of the shaft. 
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After a time the cartilage in one or both ends of the long bones begins 
io osBif; independently, and the epiphyses are fonneil. These are not 
joined to the shaft until tlie growth of the bone is completed. Growth 
takes place tn lengthby&n expansion of tlie cartilage {inlermciliale car- 
tilage) which intervenes between the shaft and tht: epiphyses, and by the 
gradnal extension of the ossification into it ; in iniltli entirely by the 
deposition of fresh bony layers under the periosteum. In the terminal 
phalanges of the digits the ossification starts, not from the middle of 
the cartilage, but from its distal extremity. 

For the regeneration of portions of bone which have been removed 
by disease or operation it is essential that the periosteum Ik left. 




IntramembranouB ossification. In tlii^ variety of ossification, the 
bone is not preceded by cartilage at all, and tlierefore no endochon- 
dral bone is formed, but tlie calcification occurs in a sort of embryonic 
fibrous tissue which contains numerous osteoblasts and blood-vessels 
(fig. 68). The fibres of tins tissue (osteogenic fibres), which, like those 
of fibrous tissue, are collected into small bundles, become enclosed in 
a calcareous matris ; and as the fibres grow, the calcification extends 
further and further, so that bony spicules are formed, which, aa they 
become thickened, run together to form reticular layers, leaving spaces 
filled with osteoblasts around the blood-vessels. The osteogenic 
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fibres are covered with osteoblasts, and as the bone forms, some of 
these become left as bone-corpuscles within lacunae. Thus in every 
particular the development of these bones resembles that of the sub- 
periosteal layer of endochondral bone, which is also to be considered 
as an instance of intramembranous ossification, although taking place 
on the surface of cartilage. . Moreover, it is the same subperiosteal 
tissue which deposits the true or secondary bone upon those parts 
of the calcified cartilage-matrix which have escaped absorption ; and 
this must also, therefore, be reckoned as developed according to the 
same type. Li fact, even in intracartilaginous ossification, very little 
of the calcified cartilage-matrix eventually remains ; this being almost 
wholly replaced by true or fibrous bone which has been formed by 
osteoblasts. 
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LESSONS XV. AND XVL 

STRUCTURE OF MUSCLE, 

LESSON XV. 

1. Take a shred of muscle from a recently killed mammal, and on a dry slide 
carefully separate long pieces of muscidar fibre (single fibres if possible) and 
stretch them out, keeping them moist during the process by breathing on the 
slide. Put a drop of serum on the cover-glass before placing this over the 
preparation. Study first with a low, then with a high power. Sketch all the 
appearances to be seen in a small piece of a fibre, focussing carefully the most 
superficial layers. Notice the oval nuclei immediately under the sarcolemma. 
Then allow a little dilute acetic acid to nm under the cover-glass and watch 
its effect. 

2. Prepare some fibres of frog's muscle in the Hnnie way, but mount in 
salt solution instead of serum. Notice the muscular substance shrinking 
away here and there from the sarcolemma, which then becomes distinctly 
visible. Sketch a piece of sarcolemma bridging acroKs an interval thus pro- 
duced. 

8. Mount in Farrant transverse sections of fresh muscle which have been 
cut whilst frozen, and at once placed in 1 per cent, nitrate of silver solution. 
Take care to prevent the cover-glass from pressing on the sections. Examine 
first with a low and then with a high power. Sketch the appearances which 
are seen. 

In each of the above preparations measure the diameter of some of the 
fibres. 



LESSON XVI. 

1. Cut off the head of a water-beetle and bisect the tnuik with scissors so as 
to expose the interior. Notice two kinds of muscular tissue, the one belonging 
to the legs greyish in colour, the other attached to the wings yellowish. 
Preparations of both kinds of muscle are to be made in the same way as li\4ng 
mammalian muscle (see previous Lesson), but they are to be mounted either 
without the addition of any fluid or in a drop of the insect's blood. In both 
preparations the dark-looking air-tubes or traches form prominent objects 
ramifying amongst the fibres. Observe the structure of the two kinds of 
muscle, noting especially the fine fibrils of the wing muscles and the muscle- 
rods in the large fibres of the leg muscles. If the preparation is made quickly, 
waves of contraction will probably be observed passmg along the last-named 
fibres. 

The remainder of the water-beetle may be put into spirit (pinned upon a 
cork so that the muscles arc well stretched) and preparations made on a 
future day after the manner described in the next preparation. 

2. Place in logwood a small shred of mammalian muscular tissue which 
has been stretched upon a cork and hardened in alcohol. When it is deeply 
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stained, waeh it in water and with needlos break the fibres up in Ffuraut's 
solution into eib fine fibrils as posBible. Cover and examine with a high 
power. 

8. Tear oS a small shred of the muscular coat of a piece of intestinti which 
has been firom 24 to 48 hours in (^ per cent.) bichromate of potash solution. 
Hold the shred with forceps in a drop of water and fray it out with a needle. 
In this process many cells will be set teee and can be seen with a low power. 
The preparation may then be covered and examined uith a high power. 
Sketch ono of the colls. Then allow dilute logwood to pass under the cover- 
glass and lastly a drop of glycerine. Sketch another cell after ataining. 
Measure two or three cells and thetr nuclei. 



Voluntary muscle is composed of long cylindrical fibres, measuring 
on an average about -^},^ inch in diameter in mammalian muscles, but 
having a length of an inch or more. Each fibre has an elastic sheath, 
the sarcolemma, which encloses the contractile substance. The sarco- 
lemma ia seldom distinct, unless the contained substai 
broken (fig. 6 





The contractile substance of the fibre is characterised by the alter- 
nate dark and light stripes whicli run across the length of the fibre ; 
hence the name, cross- striated oi striped muscle. On focussing, it 
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can be seen that the Btripee pass tliroun:h the whole tliickiieiM of tho 
fibre ; they may therefore bo looked njmii a,n representing alternate 
disks of dark and liglit substance. If tlio tturfitco Iiu very earefuUy 
fbcoaaed, doable rows of grannies ant Heen lj-iTi<; in or at thu bounda- 
ries of the Ught streaks, and very line longitudimil Uncn may, witii a 
good microscope, be detected riinnint; through tli<i dark streak, and 
uniting tlie minute granules (tig. 70). Tlie^u fhib lines, with their 
enlarged extremities the ^Tannics, arc known as muscle- rotls ; they are 
more conspicuous in the miisclGS of iiisutt^. 
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If instead of focussing the surface uf the filirc it Iw observcil in its depth, 
a different appearance is frequently visililc, nntncly a fine dotted line bisectini; 
each clear stnpe (fig. 71) ; but this apiiouninco is pr(>}>iL}jly due to on opticid 
effect caused by the light being truriHiiiittod between tllHks of different 
re&angibility. 

The fine line bisecting the clear strijio in, however, taken by many liistolo- 

S'sts to represent a definite Ktnicture, and is often known as Krause's niom- 
ane, having been described by KriiiiiM! fiH connected with the sarciileinma and 
dividing the muscle .fibre into wi inniiy tliLt compartiiients. Krauso further de- 
scribed these compartments as divided longitudinally by fine membranes, so 
that the muscle-substance may, according to him, be rcganled as compoHed of 
little cylindrical 'cases' (fig. 72) each containing in the centre a portion of the 
dark £sk, and, above and below this, portions of the light disks (which are 
fluid according to this autlior).' 
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Besides the sarcolemma and striated substance, n muBCular fibre also 
exhibits a number of oval nuclei which have the usual reticular structure 
of cell-nuclei. Sometimes there ie a little granular substance (proto- 
plasm) at eacli pole of tlie nucleus. In mammalian muscle the nuclei 
lie immediately under the sarcolemma (iigs. 6!), 70), except in certain 
fibres, e.g. those which compose the red musclcH of some animals, such 
as the hare and rabbit, and which occur scattered amongst the ordinary 
fibres in mammalia generally. In ihese the nuclei are distributed 
through the thickness of the fibre, and tliis is also the case in all the 
muscular fibres of the frog. 

The transverse section of a muscle shows the fibres to be nearly 
cylindrical in figure. Between the fibres there is a certain amount of 
areolar tissue, winch serves to support the blood-vessels and also unites 
them into fasciculi ; the fasciculi are again united together by a larger 
amount of this intramuscular connective tissue. 

On examining the transverse section of a fibre with a high power, 
it is seen to be subdivided everywhere into small angular fields, the 
areas of Cohnheim. These pi-obably represent sections of the longi- 
tudinal fibrils into which a muscular fibre splits after death, or after 
being hardened in certain reagents, e.g. alcohol, chromic acid, or osinic 
acid. 




In the muscles of insects the stripes are relatively broad, and their 
structure can be more readily seen than in mammals. In the living 
fibres from the muscles of the legs, tlio appearance of fine longitudinal 
lines traversing the dark stripes, and tenninating within the light 
stripes in rows of dots, is very ob^^ous, When the fibres contract, the 
light stripes are scon, as the fibre shortens and thickens, to become 
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dark, an apparent reversal being thereby produced in the stria'. This 
reversal is due to the enlargement of the rows of dark dots, and the 
formation by their juxtaposition and blending of dark disks, whilst the 
muscular substance between these disks has by contrast a bright 
appearance. 

The wing-muscles of insects are easily broken up into very fine 
fibres or fibrils, which also show alternate dark and light striip. The 
number and relative thickness of these differ, however, considerably, 
according to the amount of stretching of the fibres (fig. 75). Muscle- 
rods are not seen in these fibres. 
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Fig. 76. — Fibue^ i>f thk wiNii-wuwi.Ks ok an inswt. 

The fibres are in different oonditionR of extension, from A lenttt extended, to D most ex- 
tended. «, «, chief fiatMtance of the fibre ; nv, m, iutemieditite linen or diHkf* ; the light 
banda» 6c, on either t«ide of these only come to view when the fibre ia Huffloiently stretched 
(C) ; with further extension (U), the middle of the <lark Iwnd upiiearrt liKliter, h. 

In muscular tissue which has been hardened in alcohol and certain 
other reagents, the structural appearances are a good deal altered from 
those of the living muscle, although the cross-stria? are still very obvious. 
There is also a considerable tendency for the fibres to split up longi- 
tudinally into fibrils, and by ^ome authorities the finest of such fibrils 
are regarded as the ultimate elements of the fibre. Certain other 
reagents, such as dilute hydrochloric acid, cause a transverse splitting 
of the fibres into disks, and these effects of reagents led Bowman to form 
the opinion that the muscular substance may be in reality composed of 
minute prismatic particles set side by side in rows or planes to form 
the disks, and adhering end to end longitudinally to form the fibrils. 
To these constituent particles of the muscular substance he gave the 
name of * sarcous elements.* 

When living muscular fibres are examined by polarised light, the 
whole of the muscular substance except the muscle-rods is seen to l)o 
doubly refracting, looking bright in the dark field produced by crossing 
the axes of the NichoPs prisms. Contracted muscle and dead muscle 
show, however, alternate bands of dark and light under those circum- 
stances. 

Ending of muscle in tendon. — A small tendon-bundle passes to 

F 
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each muscular fibre and becomea firmly united with the aarcolemma, 
which extends over the end of the fibre (ilg. 76). Further, the areolar 
tissue between the tendon -bundles is continuous with that which hes 
between the muscular fibres, so that the connection of a muscle to its 
tendon is very firm. 







Blood-vessels of muscle. — The capillaries of the muscular tissue are 
very numerous. They run, for the most part, longitudinally, with 
transverse branches, so as to form long oblong meshes (fig. 77). In 
the red muEicleB of the rabbit and hare, the transverBe capillaries have 
small dilatations upon them. No blood-vessels ever penetrate the 



Lymphatic vessels, although present in the connective- tissue sheath 
(parimyBium) of a muscle, do not penetrate between its component 
'tures. 

The nerves of voluntary muscles pierce the sarcolemma and ter- 
te in a ramified expansion known as an end-plate (see Lesson 

I- 
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Voluntary muscular fibres are developed from embryonic cells of 
the mesoderm, which become elongated, and tlie nuclei of whicli become 
multiplied, so as to produce long multi-nucleated fusiform or cylindrical 
fibres. These become cross- striated at first along one side, the change 
gradually extendmg around the fibre and also towards tlie centre ; 
but the middle of the fibre, to which tlie nuclei are at first confined, 
remains for some time unaltered (fig. 78). Eventually the change in 
structure extends to this also, and the nuclei pass gradually to occupy 
their ordinary position under the sarcolemma, whicli by thin time has 
become formed. 




¥ui. 78. — DKVKU>riN(» 

MUSCI'LAK KIHKK, 

FROM F<KTl'S OK 2 
MONTHS. 

7), central protoplasm with 
MTeral nacici, ti, M>at- 
teral in it ; m^ commen- 
cing Mircolemma, M-it)i 
titriated muscular Puh- 
stance developing im- 
mediately Iteneath it. 



Fig. 79. — MuriCULAR FinHE-CKLLS FROM TIIK Ml'Ml • 
LAR COAT OF THE SMALL INTK8TIXK, HKillLY MA(;- 
KIFIED. 

A. A complete cell, showing the nucleus with intra-nuclcar 
network, and the longitudinal fibrillation of the cell-sub- 
stance, with finely vacuolated protoplasm between the fibrils. 
B. A cell broken in the process of isolation ; the delicate 
enveloping membrane projects at the broken end a little 
beyond the substance of the cell. 



Involimtary or plain muscular tissue is composed of long, some- 
what flattened, fusiform cells (fig. 79), which vary much in length, but 

are usually not more than ^^ inch long. Each cell has an oval or 

f2 
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rod-shaped nucleus, which shows the usual intra-nucloar network and 
commonly one or two nucleoh. The cell- substance is longitudinally 
striated, but does not exhibit cross-striae like those of voluntary muscle. 
There appears to be a delicate sheath to each cell. There is a little 
intercellular cementing substance uniting the cells together, and which 
can be stained by nitrate of silver. The fibres are collected into fas- 
ciculi. 

Plain muscular tissue is found chiefly in the walls of hollow viscera ; 
thus it forms the muscular coat of the whole of the alimentary canal 
below the oesophagus, and occurs abundantly in the muscular coat of 
that tube also, although it is here intermixed with cross-striated 
muscle ; it is foimd also in the mucous membrane of the alimentary 
canal ; in the trachea and its ramifications ; in the urinary bladder 
and ureters ; in the uterus. Fallopian tubes, and ovary ; in the pro- 
state, the spleen, and muscle of Miiller in the orbit, and in the ciliary 
muscle, and iris. The walls of gland-ducts also contain it, and the 
middle coat of the arteries, veins, and lymphatics is largely composed 
of this tissue. It occurs also in the skin, both in the secreting part of 
the sweat-glands, and in small bundles attached to the hair-follicles ; 
in the scrotum it is found abundantly in the subcutaneous tissue 
(dartos). 

The muscular tissue of the heart constitutes a special variety of 
involuntary Inuscular tissue (cardiac), and will be described along with 
that organ* 
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LESSON XVII. 

STRUCTURE OF NERVE-FIBRES. 

1. Tease a piece of fresh nerve in saline Roliition, injiirin^i^ the fibres as Httle 
and obtaining them as long and straight as jiosHible. Study the inedullated 
fibres, carefblly noticing all the stnictures that are visible — viz., nodes of 
Banvier, nuclei of primitive sheath, double contour of medullary sheatli, 
medullary segments, &c. Meanure the diameter of half a dozen fibres. Draw 
a short length of a fibre very exactly. 

2. Prepare a piece of the sympathetic ner\'e in the same way. Measure 
and sketch as before. 

8. Separate (in dilute glycerine or Farrant) into its fibres a small i)ieee of 
nerve that has been twenty-four hours in i per cent, osinic acid. The nerve 
should have been moderately stretched on a piece of cork by means of pins 
before being placed in the acid. Keep the fibres as straight as possible and 
only touch them near their ends with the needles. Sketch two i)ortions of a 
fibre under a high power, one showing a node of lianvier and the other a 
nucleus of the primitive sheath. Look for fibres of liemak. Measure the 
length of the nerve-segments between the nodes of Ranvier. 

4. Mount in Canada balsam sections of a nerve which has been hardened 
in picric acid and stained with picro-camiine. The nerve should have been 
stretched out before being placed in the hardening solution. Examine the 
sections first with a low and afterwards with a liigh power. Notice the 
lamellar structure of the perineurium, the varpng size of the nerve-fibres, 
the axis cylinder in the centre of each fibre, &c. Measure the diameter of 
five or six fibres, and sketch a small portion of one of the sections. 



Nerve-fibres are of two kinds, medullated and iwn-medullated. The 
cerebro-spinal nerves and the white matter of the nerve-centres are 
composed of medullated fibres ; the sympathetic and its branches is 
chiefly made up of non-medullated. 

The medullated or white fibres are characterised, as their name 
implies, by the presence of the so-called medullary sheath or white 
substance. This is a layer of soft substance, chiefly of a fatty nature, 
which encircles the essential part of a nerve-fibre, viz. the axis-cylinder. 
Outside the medullary sheath is a delicate but tough homogeneous 
membrane, the primitive sheath or nucleated sheath of Schwann, but 
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this IB not present in all medullated fibres, being absent in those wbiuli 
are within the nerve-centres. 

The medullary sheath is composed of a highly refracting fatty 
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material, which gives a characteristio dark contour and tubular appear- 
ance to the nerve-fibres. It affords a contiunoua investment to the 
axis-cylinder, except that it is interrupted at regular intervals in the 
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course of th€ peri- 
pheral nen-e-fibrefl. 
the axis -cylinder at 
these places being 
eucompassed only by 
the primitive slieath. 
Hciiee the primitive 
Hheatb appeara at 
tlwse spots to pro- 
duce a oonstrietioii 
ill the nen'e- fibre, 
and the iuterruptions 
of tlie medullary 
slieath are accord- 
ingly kiiowu as the 
comlrictionsoT )iodes 
of lianvier (fig, 81, 
K, 11 ; fig. 88, i.),tlie 
term uodes being ap- 
plied from the resem- 
blaiica wliieh they 
bear to the nodes 
of a bamboo. The 
length of nerve be- 
tween two successive 
nodes may be termed 
an intemode ; in the 
middle of each inter- 
node is one of the 
nuclei of Schwann's 
sheath. Besides 

these interruptions 
the medullary sheath 
shows a variable 
number of oblique 
clefts (fig. 88) which 
subdivide it into 
irregular portions, 
which have been 
termed medullary 
segments, but there 
is reason to believe 
that the clefts are 
artificially produced. 
Usmic acid stains the 

■■=- medullary sheath 

w. black, 
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The etxis-cylinder, which nina aloug the middle of the nerve- iibre, 
is a soft trnusparent thread whicli is continuous from end to end of ' 
the nerve. 

On account of the poculiar refractive power of the medullary aheath 




8 difficult to see the axiB-oyhnder in the fresh nerve except at the 
nodes, where it may be obser\'ed stretching across the interruptions in 
the medullary sheath, and it may also sometimes be seen projecting 
from a broken end of a nerve-fibre. It is longitudinally striated, beit^ 
really made up of exceedingly fine fibrils {ultimate fibrils, fig. 85), 
e darkly stained by chloride of gold. HtaininK with iiitr^te 
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of silver produces a curious traiittversely striated appeajftnt^e in the axis- 
cylinder, but it is not known if thin Indioutes a prc-oxistent Btruetnre. 
Intermingled with tlie meilulluted libres tliertj may always, even In 
the cerebro- spinal nerves, be found a certain number of pale fibres devoid 
of the dark double contour wbii;!! is cliaracteristic of tbe presence of 
a medullary sheaili. There are the noa-medTiUated fibrei, also called, 
after their discoverer, _^&res o/Ileviak «fig. 8G|. They frequently branch, 
which the medullated tibres never do except near their terminatioii, 
and they are beset with numerous nuclei which perhaps belong to a 
delicate slieath. The sympathetic nerve is in many animals cbietly 
made up of libres of this nature, but in some animals, on the other 
hand, most of the fibres of tbe sympathetic possess some small amount 
of medullary sheath (fig. 87). 




Stractnro of the nerre-tranki.— In their course through tbe body 
the nerve-fibres are gathered up into bundles or funiculi, and the 
funiculi may again bo united together to form the nerves which we 
I meet with in digHoction. Tlie connective tissue which unites the 
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funiculi and invexti) the whole nerve, connecting it to neighbouring 
parts and conveying to it LIood-vcHselH, lyniphaticH, and even nervo- 
fibres destined for its coata, is termed the eyineurium (fig. 8B, ep). 
That which ensheaths tbe funiculi in known as tlie perineurium (Jig. 
88, 2'erj. It lias a distinctly lamellar structure (fig. 89, p), the lamelltii 
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hoing composed of connective tissue and covered on both surfaces by 
flattened epithelioid colls (fig. 00). Between tlie lamella are clefts for 
the conveyance of lymph to the lymphatics of the epineurium. The 
dehcate connective tissue which lies between the nerve-fibres of tlie 
funiculus is the endoneurivm (fig. 66, end ; fig. 80, 1'ln). It assists in 
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supporting the longitudinally arranged mcsliwork of blood-capillaries, 
anil its interstices communicate with the lymphatic clefts of the 
[wriikeurium. 

The nerve-trunks themselves receive ncrve-fibros {ncrvi nervorum) 
which ramify chiefly in the epineurium and tennuiate in this in end- 
bulbs. 



75 



LESSON XVIII. 

STRUCTUIiE OF NEliVE-CELLS. 

1. Tease in Farrant's solution or in dilute glycerine a small piece of a spinal 
gan^on that has been preserved with osmic acid. Notice the spheroidal 
gan^on-ceUs ; their large nuclei and distinct nucleolL Look for cells wtiich 
stiU retain the axis-cylinder process and for T-BhajM^d junctions of ner\'e- 
fibres with this. 

2. Prepare a piece of sympathetic ganglion in tlic same way. CeUs may 
be £Dund with three or more axis-cylinder processes. If from a rabbit observe 
that the cells are bi-nucleated. 

8. Mount stained sections of ganglia in Canada balsam. These will wrve 
to show the arrangement of the cells and fibres in a ganglion and the 
nucleated sheaths around the nerve-cells. 

4. Tease out a portion of the grey matter from a piece of spinal cord that 
has been a day or two in dilute chromic acid Q^^ per cent.). Before covering, 
look for the nerve-cells with a low power, and, if possible get out one or two 
clear of the surrounding substance. Moimt in water with a thick hair under 
the cover-glass. Notice the large branching cells some with a mass of pig- 
ment near the nucleus. Observe the fibrillation of the cell-processes. Notice 
also the reticular character of the tissue in which the cells are embedded. 
Many axis-cvHnders will be seen in this preparation deprived wholly or 
partially of their medullary sheath, and their fibrillar structure can then also 
be well seen. Carefully sketch these appearances. To keep this preparation 
run very dilute logwood solution or osmic acid under the cover-glass, and 
when the cells are stained allow a drop of glycerine to pass in by diffusion. 

Measure two or three cells in each of the above preparations. 



Herve-cells only occur in the grey matter of the nerve-centres, and 
in little groups on the course of certain of the peripheral nerves, these 
groups offcon causing nodular enlargements of the nerves, which are 
known as ganglia. The most important ganglia are those which are 
found upon the posterior roots of the spinal nerves, upon the roots of 
some of the cranial nenes, and upon the trmik and principal branches 
of the sympathetic nerve. Minute ganglia are also found very nume- 
rously in connection with the nerves which are supplied to involuntary 
muscular tissue, as in the heart, alimentary canal, bladder, uterus, &c. 

Nerve-cells vary much in size and shape ; they are mostly large, 
some being amongst the largest cells met with in the body, but 
others are quite small. The nucleus is generally large, clear, and 
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Bphericat, witli a single large and distinct nucleolus. The shape < 
depends a good deal on the number of proceeees, tind the manner 
in which they come off from the cell. If tliuro is but one procesB, 
the cell is generally Hpherical. This is tlic case with the cells of the | 
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from the cell, which is thus rendered somewhat spindle-shaped, but 
occasionally they emerge at the same part, and the cell, being tapered 
in their direction, becomes pyriform (fig. 92). In these cases one fibre 
ofteu coils spirally romid the other {fig. 02, b) before they separate to 
proceed in opposite directions as the axis -cylinders of nerve-fibres. 
When there are three or more processes, the cell becomes irregularly 
angular or stellate. Sometimes, as in the sympathetic ganglia (fig. 98), 
all the processes appear to become norve-fibres, but in other instances, 
as in the large cells of the grey matter of the spinal cord, only one 




process becomes the axis-cylinder of a nerve-flbre (process of Deiters), 
the others dividing and subdividing in a ramified manner until their 
further course can no longer be traced. Their ultimate branches 
appear to lose themselves in a network which pervades the whole of 
the grey matter. 

According to the number of their processes, nerve-cells are termed 
uni-, bi-, or multi-polar. 

Manynerve-cells, and notably those of the spinal eotd, have a finely 
fibrillar structure. The fibrils can be traced into the branches of the 
cells and into the axis -cylinders of nerve-fibres which are connected 
with the cells (fig. 05). Otherwise the cells have a finely granular 
appearance ; often with a clump of black, brown, or yellow pigment- 
granules placed at one side of the nucleus. 
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In th« gaaflim tfa« n^rvf^-c^Uff hare a nad«ated fffa«ftth ^figs. 91- 
ffHf which in r^rniiinnoivi with thi^ primitive ffheath of the nenre-fibres 
with which thej are connecte^L In the spinal fs^ngiia, and in many of 
the ganglia at the roots of the cranial nerve«, the cells are unipolar. 
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and tlio coll-procoBH joiriH a traverBiiig iier\'e-fibre by a T-sliaped 
jiuiction (Dg. 91). In tlio Hyinpathetic ganglia tliey aro multipolar. 
Thn coIIh aro dinpoHod in aggregations of different size, separated by 
tho bundles of nervo-iibreu which aro traversing the ganglion (fig. 06). 
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The ganglion if large is enclosed by an investing capsule of coiinectivo 
tissue which is contiouons with the epi- and pcri-neurium of the 
entering and issuing nerve- trunks. 

The structure of the nerve-centres and the arrangement of the 
cells and fibres in them are givoi in Lessons XXXVI. to XXXIX. 




Derelopment. — The cells and iibres of the nervous tissue are 
developed from cells derived from the ectodenn or epiblast of the embryo. 
The nerve-fibres are at first developed as pule fibres like the fibres 
of Bemak ; it is uncertain whether they are formed by the coalescence 
of a number of cells, or whether tlioy grow out as the processes of 
nerve-cells. The medullary sheath is subBe(]uently added. 

When a nerve is cut, the fibres beyond the section as far as their 
terminations undergo a procGSB of dof^cn oration, the medullary sheath 
being broken up and the axis-cylinder interrupted and eventually 
absorbed. New nerve-fibres are at length produced by a growth of the 
axis-cylinders ifi the proximal end of the nerve. 
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LESSON XIX. 

MODES OF TERMINATION OF NERVE-FIBRES, 

1. Shell out a Pacinian corpuscle from a piece of cat's mesentery which has 
been kept for two or three days in ^ per cent, chromic acid, and clear it as 
much as possible of adhering fat, out be careful not to prick or otherwise 
injure the corpuscle itself. Mount in water with a thick hair to prevent 
crushing with the cover-glass. Sketch the corpuscle under a low power, and 
afterwards draw under a high power the part of the core where the nerve 
enters and the part where it terminates. Notice the fibrous structure of the 
lamellar tunics of the corpuscle and the oval nuclei belonging to flattened 
epitheUoid cells which cover the tunics. The distinct lines which when seen 
in the fresh corpuscle are generally taken for the tunics, are really the optical 
sections of these flattened cells. 

2. Mount in Farrant one or more sections of a rabbit's cornea which has 
been stained with chloride of gold. Notice the arrangement in plexuses of 
the darkly stained nerve-fibres and fibrils, (1) in the connective-tissue sub- 
stance, (2) under the epitheUum and (3) between the epitheUal cells. Make 
one or two sketches showing the arrangement of the fibrils. 

3. Spread out a small piece of muscle which has been stained with 
chloride of gold by Lowit's method, and examine it with a low power to find 
the nerve -fibres crossing the muscular fibres and distributed to them. 

Try and separate those parts of the muscular fibres to which nerves 
appear to go, and mount them in glycerine. Search thoroughly for the close 
terminal ramifications (end-plates) of the axis-cylinders immediately within 
the sarcolemma. 

It is rather diflicult to dissociate the fibres, and much patience is some- 
times required in searching for the nerve-terminations, but when they are 
found the trouble is amply repaid.^ 



Modes of ending of sensory nerve-fibres. — Nerve-fibres which are 
distributed to sensory parts end either in special organs or in termiiial 
ramifications or plexuses. There are three chief kinds of special 
organs, termed res^^ectively Pacinian corpuscles, tactile corpuscles, and 
end-bulbs. In the tactile corpuscles and end-bulbs the connective- 
tissue sheath of a medullated fibre expands to form a somewhat solid 
bulbous enlargement, which is either cylindrical or spheroidal in the 
end-bulbs and ellipsoidal in the tactile corpuscles. In both kinds of end- 
organ there is a capsule- of connective tissue within which is generally 
a sort of core containing numerous nucleated cells. As the nerve-fibre 
enters the corpuscle (which in the tactile corpuscle only happens after 
it has rea^^hed the distal part of the corpuscle having wound spirally 

' For methods of staining with chloride of gold see Appendix. 
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once or twice round it) it loses its slioatha and w prulongod as an a\iii- 
cylinder onlj' which tenDinates after either u straiglit or a convoluted 
course within the organ (see figs 08 to 101) Tactile corpuscles occur 
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in some of the papillfie of the skin of the hand and foot, in sections of 
which they may be afterwards studied (see Lesson XXIII.) End-bulbs 
are found in the conjunctiva of the eye, where in most animals they 
have a cylindrical or oblong shape (fig. 100), but in man are spheroidal 
(fig. 101). They have also been found in papillte of the lips and 
tongue, and in the epineurium of the nerve- trunks, and somewhat 
similar sensory end-organs also occur in the integument of tlie external 
genital organs of both sexes (fig. 99). In the skin covering the bill, 
and in the tongue of certain birds {e.g. duck), a simple form of end- 
organ occurs, consisting of two or more cells arranged in rows within 
a capsule, with the axis-cylinder terminating in flattened expansions 
between the cells {corpuscles of Grandry, fig. lOri). 

The Pacinian corpuscles are larger, and have a more complex 
structure, than the tactile corpuscles and end-bulbs (fig. 108). They 
are composed of a number of concentric coats arranged like the layers 
of an onion, and enclosing the prolonged end of a nerve-fibre. A single 
medullated nerve-fibre goes to each Pacinian corpuscle encircled by 
a prolongation of perineurium, and within this by endoneurium ; when 
it reaches the corpuscle, of which it appears to form the stalk, the 
lamellae of the perineurium expand to form some of the tunics of the 
corpuscle. The nerve passes on, piercing the other tunics, and still 
provided with medullary sheath, and surrounded by endoneurium, to 
reach the centre of the corpuscle. Here the endoneurium is prolonged 
to form a sort of soft cylindrical core, along the middle of which the 
uerve-fibre, now deprived of its medullary and primitive sheaths, passes 
in a straight course as a simple axis-cylinder (fig. 104, c. /.) to termi- 
nate at the fartlier end of the core in a bulbous enlargement. Occa- 
sionally the fibre is branched. 

The tunics of the corpuscle are composed of connective tissue, the 
fibres of which for the most part run circularly. They are covered on 
both surfaces with a layer of flattened epitlielioid cells, and here and 
there cleft-like lymph -spaces can be seen between them hke those 
between the layers of the perineurium (see p. 74). 

When sensory nerve-fibres terminate in plexuses, they generally 
branch once or twice on nearing their termination. The sheaths of the 
fibres then successively become lost, first the connective tissue or peri- 
neural sheath, then the medullary sheath, and lastly the primitive 
sheath, the axis-cyhnder being alone continued as a bundle of primitive 
fibrils (fig. 106, n). This branches and joins with the ramifications 
of the axis-cylinders of neighbouring nerve-fibres to form a primary 
plexus. From the primary plexus smaller branches (a) come off, and 
these form a secondary plexus {e) nearer the surface, generally imme- 
diately under the.epitheUum if the ending is in a membrane covered by 
that tissue. Finally, from the secondary plexus nerve-fibrils proceed 
and form a terminal plexus or ramification amongst the epithelium- 
cells (fig. 106, p)j the actual ending of the fibrils being generally in 
little knob-like enlargements (6). Such a mode of ending in tenninal 
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plexDsefl is most diaracteristically seen in the cornea of tbe eye. The 
nerve-tibrils may be broaght (listinctly into \iew liy staining with 
chloride of gold, and then the fibrillar Btmctnre of the ramiti cations of 
the axia-cylinderB also becomeB very apparent. 
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^ding of motor nervei.^Lastly the nerves to musL-les also ter- 
minate either in special organs or in plexuses. Tlie latter ie the caBe 
vith the nerves going to inTolnntary tnmole, and here the primary 
plexuses are generally furnished with gangliou-cells in abundance. 
From these other nerve-fibres pass which form secondary plexuses and 
tenoinal ramifications amongst the contractile fibre-ceUs, These 
nerves will be more fully studied in coraieotion with the intestine (see 
Lesson XXIX.) 
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In Yolnntary mnsde the nerves, which are always medullated, ter- 
minate in special organs, the so-called end-plates. • A medullated fibre 
will branch two or three times before terminating, and then each 
branch passes straight to a muscular fibre. : Having rea^^hed this, the 
primitive sheath of the nerve-fibre is continued into the sarcolemma of 
the muscle, the medullary sheath stops short, and the axis-cylinder 
ends in a close terminal ramification with varicosities upon its branches 
(figs. 107, 108). This ramification is embedded in a granular nucleated 
protoplasmic mass which lies between the sarcolemma and the cross- 
striated muscular substance. In some cases the ramification is 
restricted to a small portion of the muscular fibre, and forms with the 
granular bed a slight prominence (eminence of Doy^re). This is the 
case in mammals. In the lizard the ramification is rather more 
extended than in mammals, whilst in the frog it is spread over a 
considerable length of the fibre. 
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LESSON XX. 

STRUCTURE OF THE LARGER BLOOD-VESSELS. 

1. Sections of a medhun-sized peripheral artery and vein. In tliia pre- 
paration the limits of the vascular coats can be well seen and also tlie differ- 
ences which they present in the arteries and veins resi)ectively. The sections 
may either be stauied with hipniatoxylin and mounted in Canada balsam, or 
they may be stained in dilute magenta and mounted in glycerine and water. 

2. Mount in Canada balsam a thin slice cut from tlie inner surface of an 
artery which, after having been cut open lonffitudinally and washed with 
distilled water, has been treated with nitrate of silver sr)lution and exposed to 
the light in spirit. This preparation will show the outlines of the e])ithelioid 
cells which line the vessel. 

3. A piece of an artery which has been macerated for two or three days 
in 80 per cent, alcohol (1 part rectified spirit to two parts water) is to be 
teased so as to isolate some of the nuiscular cells of the middle coat and 
I)ortions of the elastic layers (networks and fenestrated membranes) of the 
inner and middle coats. The tissue may be stained cautiously with dilute 
logwood solution, and glycerine afterwards added. Tlie miiscular cells are 
recognisable by their irregular outline and long rod-shai)ed nucleus. Sketch 
one or two and also a i)iece of fenestrated membrane. 

4. Transverse section of aorta. Notice the differ(»ncos in structure 
between this and the sectir>n of the smaller artery. 

5. Transverse section of vena cava inferior. Notice tlio comparatively 
thin layer of circular muscle, and outside this the thick layer of longitudinal 
muscular bundles. 

Make sketches from 1. 4, and 5, under a low ])ower, from '2 and JJ \inder 
a high power. 



An artery is usually described as beiiifi; composed of three coats, 
an inner or elastic, a middle or muscular, and an external or areolar 
(fig. 109, 6, c, d). It would, lio\vever, be more correct to describe the 
wall of an artery as being composed of muscular and elastic tissue 
lined internally by a pavement-epithelium and strengthened externally 
by a layer of connective tissue. For the present, however, we may 
adhere to the generally received mode of description. The inner coat 
of an artery is composed of two principal layers. The inner one is a 
thin \a,yer of pavemejit-ejntheluun (often spoken of as the endothelium), 
the cells of which are somewhat elongated in the direction of the axis 
of the vessel (fig. 110), and form a smooth lining to the tube. After 
death they become easily detached. Next to this comes an elastic 
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layer in tlie form either of elastic networks or of a fenestrated mem- 
brane. In Bome arteries there ia a layer of fine connective tissue in- 
tervening between the epithelium and the fenestrated membrane [sub- 
epithelial layer). 
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The middle coat consists mainly of circularly disposed plain mus- 
cular fibres, but it is also pervaded in moat arteries by a network of 
elastic fibres which are connected with the fenestrated membrane of 
the inner coat and are sometimes almost as much developed as the 
muscular tissue itself. This is especially the case with the larger 
arteries such as the carotid and its immediate hrajiches, but in the 
Bmaller arteries of the limbs the middle coat is almost purely composed 
of muscular tissue. 
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The outer coat ie formed of connective tissue with a good many 
elftstio fibres, especially next tbe middle coat. The strength of on 
artery depends largely upon this coat ; it is far leag easily cut or torn 
than the other coats, and it serves to resist undue expansion of the 
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vessel. Its outer limit is not sharply marked, for it tends to blend 
with the surrounding connective tissue (hence it has boon tei-mcd 
tunica adventitia). 

Variationa in structure.— 'T\\q aorta Ifi}?. 114) differs in some 
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respects in structure from an ordinary artery. Its inner coat contains 
a considerable thickness of eub- epithelial connective tissue, bat its 
elastic layers are chiefly composed of fine fibres, and are not especially 
marked off from those of the middle coat, so that the inner and middle 
coats appear almost blended with one another. On the other hand, there 
is a very great development of elastic tisaue in the middle coat, this tissue 
forming membranous layers which alternate with layers of the mus- 
cular tissue. A good deal of connective tissue also takes part in tlie 
formation of the middle coat, so that the wall is unusually strong. 
The inner and middle coats constitute almost tlie entire thickness of 
the wall, the outer coat being relatively thin. 

The other variations which occur in the arterial system chiefly 
have reference to the development and arrangement of the muscular 
tissue, Thua in many of the larger arteries there are . longitudinal 
muscular fibres at the inner boundary of the middle coat, and in some 
arteries amongst the circular fibres of the middle coat. This is the case 
in the aorta. In some parts of the umbilical arteries there is a com- 
plete layer of longitudinal fibres internal to the circular fibres and 
another external to them, whilst tlie amount of elastic tissue is very 
small. Longitudinal fibres are also present in some other arteries 
(iliac, superior mesenteric, splenic, renal, &e.), external to the circular 
fibres, and therefore in the outer coat of the artery. The larger 
arteries themselves receive blood-vessels, vasa vasorum, which ramify 
chiefly in the external coat. Nerves, derived for the most part from the 
sympathetic system, are distributed to the muscular tissue of the 
middle coat. 

The veins (fig. 115) on the whole resemble the arteries in structure, 
but tliey present certain differences. In the internal coat the same 




layers may be present, but tlie elastic tissue is less developed and seldom 
takes the fonn of a complete membrane. The epithelium -cells are 
less elongated than those of the arteries. The middle coat (c) contains 
less elastic tissue and also less muscular tissue, being partly occupied 
by bundles of wliite connective- tissue fibres. Tliese are derived 
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from the external coat, which is relatively better devclope<l in the veins 
than in the arteries, so that, althougfh thinner, their walls are often 
stronfi^r. 

Many of the veins are provided with valves, which are semilunar 
folds of the internal coat strengthened by a little fibrous tissue : a few 
muscular fibres may be found in the valve near its attachment. The 
layer of the inner coat is rather thicker, and the epithelium-cells are 
more elongated on the side which is subject to friction from the current 
of blood than on that which is turned towards the wall of the vessel. 

Variations in different veins. — The veins vary in structure more than 
do the arteries. In many veins longitudinal muscular fibres are found 
in the inner part of the middle coat, as in the iliac, femoral, umbilical, 
Ac ; in others they occur external to the circularly disposed fibres, and 
are described as belonging to the outer coat. This is the case in the 
inferior vena cava and also in the hepatic veins and in the i)ortal vein 
and its tributaries. In the superior and in the upper part of the inferior 
vena cava the circular fibres of the middle coat are almost entirely 
absent. The veins of the following parts have no muscular tissue, 
viz. pia mater, brain and spinal cord, retina, bones, and the venous 
sinuses of the dura mater and placenta. 

It is only the larger veins and especially those of the limbs that 
possess valves. They arc wanting in most of the veins of the viscera, 
in those within the cranium and vertebral canal, in the veins of the 
bones, and in the umbilical vein. 
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LESSON XXL 

SMALLER BLOOD-VESSELS. LYMPHATIC SYSTEM. 

1. Take a piece of pia mater which has been stained with logwood, and 
separate from it some of the small blood-vessels of which it is chiefly 
composed. Moimt the shreds in Farrant. The structure of the small 
arteries can be studied in this preparation, the nuclei of the epithelium and 
of the muscular coat being brought distinctly into view by the logwood. 
The veins, however, possess no muscular tissue. Capillary vessels which 
have been dragged out from the brain in removing the pia mater may also 
be seen in this preparation. Sketch two small arteries of different sizes, 
giving also their measurements. 

2. Mount in Canada balsam a piece of the omentmn of the rabbit stained 
with silver nitrate. The membrane should be stretched over a cork or a 
plate of glass, rinsed with distilled water, treated for five minutes with 1 per 
cent, nitrate of silver solution, again washed and exposed to the light in spirit. 
When stained brown the spirit is replaced by oil of cloves. Pieces may now 
be cut off from the membrane and mounted, as directed, in Canada balsam ; 
they should include one or more blood-vessels. 

This preparation is intended to show the epithelium of the smaller blood- 
vessels and accompanying lymphatics and also the epithehimi of the serous 
membrane. Sketch a small piece showing the epithelium of the vessels. 

3. Mount in Canada balsam a piece of the central tendon of the rabbit*s 
diaphragm which has been similarly prepared (except that the pleural surface 
has first been brushed to remove the superficial epithelium so as to enable 
the nitrate of silver more readily to penetrate to the network of lymphatic 
vessels underlying that surface). Observe the lymphatic plexus under a low 
power ; sketch a portion of the network. If the peritoneal surface is focussed, 
the epitheUum which covers that surface will be seen, and opposite the clefts 
between the radially disposed tendon-bundles stomata may be looked for in 
this epithehum. 

4. Carefully study the circulation of the blood either in the web of the 
frog's foot or in the mesentery or tongue of the frog or toad, or in the tail of 
the tadpole. 



The coats of the smaller arteries and veins are much simpler in 
structure than those of the larger vessels, but they contain at first all 
the same elements. Thus there is a lining epithelium and an elastic 
layer forming an inner coat, a middle coat of circularly disposed plain 
muscular tissue, and a thin outer coat. The same differences also are 
found between the arteries and veins, the walls of the veins being 
thinner and containing far less muscular tissue (fig. 116), and the 
lining epithelium -cells, much elongated in both vessels, are far longer 
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and narrower in the small arteries than in the corresponding vgIqb 
(%. 117). 

In the smallest Teasels it will be found that the elastic layer has dis- 
appeared in the veins, and the muscular tissue is considerably reduced 
in thickness in both kinds of vessels. Indeed, it is soon represented 
by bnt a single layer of contractile cells, and even these no longer 
form a complete layer. By this time also, the outer coat and the 
elastic layer of the inner coat have entirely disappeared botli from 
arteries and veins. The vessels are redaced, tliDTefore, to tlie condition 
of a tnbe formed of pavement' epithelium cells, with a partial covering 
of circularly disposed muscular cella. 

Even in the smallest vessels, which are not capillaries, the differ. 
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ences between arteries and veins are still manifested. These differences 
may be enumerated as follows : — The veins are larger than the corre- 
sponding arteries ; they branch at less acute angles ; their muscular 
cells are fewer, and their epithelium -cells less elongated ; the elastic 
layer of the inner coat is always less marked, and sooner disappears. 

Capillary veuels. — When traced to their smallest branches, the 
arteries and veins eventually are seen to he continued into a network 
of the smallest blood-vessels or capillaries, The walls of these are 
composed only of flattened epithe Hum -cells (fig. 118) continuous with 
those that line the arteries and veins ; these cells can he exliibited by 
staining a tissue with nitrate of silver. The capillaries vary somewhat 
in size and in the closeness of their meshes ; their arrangement in 
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different parte, which is mainly determined by the disposition of the 
tissue-elements, may best be studied when the structure of the several 
organs is considered. 

In the transparent parts of animals, the blood may be seen flowing 
through the capillary network from the arteries into the veins. The 




current is very rapid in the small arteries, somewhat less so in the 
veins, and comparatively slow in the capillaries. The current is fastest 
in the centre of the vessel, slowest near the wall (inert layer), and 
with care it may be observed — especially wliere there is any commen- 
cing inflammation of the part, as in the mesentery in consequence of 
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exposure— that the wliite blood- corpuscles, whit-h alwaj-H tend to 
pass into the inert layer, and to odtiere occasionally to the inner Hur- 




face of the blood- vesHelH, here and there pass through the coatM of the 
small vessels, and n])puar as migratory cclh in the surruunding 
connective tiuaue. 



I.Ym-U.Vnc SYSTKM. 

To the lymphatic uystoin l>oloiig not only the himphntic vessch and 
hjviphatic glamh, but also the cavitici of the sprout membranes, which 
are moistened with lympli anil are in oiwn coinniunicatioii with the 
lymphatic vessels in their parietcH. 

The larger lymphatic veuels Homewliat reHemblu the veins in 
structure, except that their coatu are niiioli thinner and their valves 
much more numerous. In lymphatics of somewhat sniallor size, the 
wall of the vessel is formed, first, hy a lining of pavt^ni cut- epithelium 
cells (endothelium of some autiinrH), wliicli arc elongated in the direc- 
tion of tlie axis of the vetiscl; and, secondly, by it layer of circularly and 
obliquely disposed muscular fibres. In the suiallcst vessels {lymphatic 
capiilanes), which, however, are genei'ally considerably larger than 
the blood-capillarieH, tliere m nothing but tlie epitlicliuni remaining, 
and the cells of this are frequently not more elongated in one direction 
than in anotlier, but have a characteristic wa\7 outline (fig. 121). 

Lymphatics begin in two ways— either in the form of piarwscs, as 
in membranes (fig. 120), or an iacunar intersUcai, as ia the case in 
some of the viscera. 
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In order to sliow the lymphatic vessels, it is generally necBHsary to 
stain a tissue with nitrate of silver; -tiut they may easily be in- 
jected by sticking the nozzle of an injecting cauula into any tissne 
which contains them, and forcing coloiu-ed fluid under gentle pressure 
into the interstices of the tiesne^ 
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In silvered preparations it may be observed that the lymphatid 
always appeal in the form of clear choiinela in the htaint.d giouud 8 
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stance of the connective tissue, and that their walls are in close con- 
nection with the cells and cell-spaces of that tissue. But, except in 
the case of the serous membranes, there is no open communication 
between the lymphatic vessels and the interstices (areolae) of the con- 
nective tissue. 

Development of the blood-vessels and lymphatics. — The blood- 
vessels and lymphatics are developed in the connective tissue or in the 
mesoblastic tissue which precedes it, the first vessels being formed in 
the vascular area which surrounds the early embryo. Both kinds of 
vessels are developed from cells (vaso-formative cells) which become 
hollowed out by an accumulation of fluid in their protoplasm, and in 
the case of developing blood-vessels coloured blood-corpuscles may also 
be formed within these cells (see Development of Blood-corpuscles, 
Lesson U.) The cells branch and unite with one another to form a 
network, and their cavities extend into the branches. In the mean- 
time their nuclei multiply and become distributed along the branches, 
cell-areas being subsequently marked out around them. In this way 
intercommunicating vessels— capillaries containing blood or lymph — 
are produced (fig. 123-). These presently become connected with 




Fig. 123, — Isolatkd capillary network formed by the junction of 
several hollowed-oijt cells, and containlng coloured blood-cor- 
puscles in a clear fluid. 

c, a hollow cell the cavity of which does not yet communicate with the network ; p, p, pointed 
ccU-proccsses, extending in different directions for union with neighbouring capillaries. 

previously formed vessels, which extend themselves by sending out 
sprouts, at first solid, and afterwards hollowed out. It is not precisely 
known whether the larger blood-vessels and lymphatics are developed 
at first as capillaries, the muscular and other tissues being subsequently 
added, or whether they are formed as clefts in the mesoblastic tissue 
which become bounded by flattened cells. 

The serous membranes, which may conveniently bo studied in con- 
nection with the lymphatic system, are delicate membranes of connec- 
tive tissue which surround and line the internal cavities of the body, 
and are reflected over many of the thoracic and abdominal viscera ; in 
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passing to which they fomi fohls, within wliich blood-vessels, lynipliatics, 
and nerves pass to the viscera. 

The inner surface is lined by a continuous layer of pavement- 
epithelium (fig. 122), which is very distinct in nitrate of silver prepa- 
rations. In some places there are apertures in the epithelium which 
lead direct into subjacent l}'mphatic vessels. These apertures are called 
^tomato, and are surrounded by small protoplasmic cells (fig. 1'2*2, h, h). 
They are most numerous upon the peritoneal surface of the diaphra<(m, 
but are present in all serous membranes, and they s(Tve to prevent any 
imdne accumulation of lymph within the serous cavity during health. 
The pavement-epithelium rests upon a homogeneous basement-mem- 
brane, which is especially well marked in the s(»rous membranes of 
man. The rest of the thickness of the membrane is composed of con- 
nective tissue, with a network of fine elastic iibres near the inner 
8arfiEu:e. 

The cavities of the serous membranes are originally formed in the 
embryo as a cleft in the mesoblast (pleuro-peritoneal split) which 
becomes lined with epithelium, and its wall eventually becomes dif- 
ferentiated into the serous membrane. 

The synovial membranes, which are ol'tcn compared with the 
serous membranes, and are indeed, like tlie latter, connective-tissue 
membranes which bound closed cavities moistened with fhiid, are not 
so intimately connected with the lymphatic system, nor is the Ihiid 
(synovia) which moistens tliem of the nature of lymph. Moreover, it 
is only here and there that tliia'e is a lining of epitheliuni-like cells, in 
place of the continuous lining of epithelium which we iind in the 
serous membranes. Curious villus-like projections occur in many 
parts ; they are covered by small rounded cells, and probably serve to 
extend the surface for the secretion of synovia. The blood-vessels of 
synovial membranes are numerous, and approach close to the imier 
surface of the membrane. 
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LESSON XXIL 

LYMPHATIC GLANDS, TONSIL, THYMUS. 

1. Sections of a lymphatic gland which has been stained in bulk with magenta 
and embedded in parafl&n.* Notice (1) the fibrous and muscular capsule, with 
trabeculse extending inwards from it through the cortex and anastomosing with 
one another in the medulla, (2) the dense lymphoid tissue (adenoid tissue of 
authors) forming large masses in the cortex (cortical nodules) and rounded 
cords in the medulla (medullary cords). Notice also the clearer channel or 
lymph-sinus which everywhere intervenes between the fibrous tissue and the 
lymphoid tissue. Observe the fine fibres and branched cells which bridge 
across this channel. 

Make a general sketch imder a low power of a portion of the cortex 
together with the adjoining part of the medulla, and under a high power 
drawings of small portions of cortex and medulla. 

2. In sections of tonsil prepared similarly to those of the lymphatic gland, 
notice the large amount of lymphoid tissue only imperfectly collected into 
nodides. Observe also that the stratified epitheliiun, which covers the mucous 
membrane here as elsewhere in the mouth, is infiltrated with lymph-cor- 
puscles. Here and there pit-like recesses may be met with glands opening 
into the pits. 

3. A similar preparation of the thymus gland of an infant. Notice that 
the masses of lymphoid tissue which form the lobules of the gland are 
separated by septa of connective tissue, and that they show a distinction into 
two parts, cortical and medullary. Observe the differences of structure of 
these two parts, and especially notice the concentric corpuscles in the 
medullary part. 

Make a sketch of one of the lobules under a low power and of a small part 
of the meduUa under a high power, including one or two concentric corpuscles. 
Measure the latter. 



Structare of a lymphatic gland. — A lymphatic gland is composed 
of & fibrous and muscular frameiuorh, which encloses and supports the 
proper glandular substance, but is everywhere separated from it by a 
narrow channel, bridged across by cells and fibres, which is known as 
the lymph-chanyicL Tlie framework consists of an envelope or capsule 
(fig. 124, c), and of trabecule {tr), which pass at intervals inwards 
from the capsule, and after traversing the cortex of the gland divide 
and reunite with one another so as to form a network of fibrous bands. 
At one part of tlie gland there is usually a depression (hilus), and at 
the bottom of this the medulla comes to the surface and its fibrous 
bands are directly continuous with the capsule. 

' See Appendix. 
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The proper glandular substance {I. k.) is compoaed of lymphoid 
tissue, i.e. a flue reticulum witb the meshes tliickl; occupied by lympli- 
corpuscles. It occupies all the interstices of the gland, forming com- 
paratively large rounded masses in the cortex {lymphoid nodules, C) 
between the trabecule, and smaller reticulating cord-hke masses 
(lymphoid cords, M] in the medulla. 

The cells which bridge across the lymph-channel in the medulhi 
(fig. 125, c] are branching nucleated cells which often contain pigment, 
so that this part of the gland Las a dark colour. The lymph-channel 
is bridged across not only by these, but also by fibres derived from the 
capsule and trabeculre, which pass to the lymphoid tissue and become 
lost in its reticulum. Dut these fibres are often covered and concealed 
by the branched cells. 

Lymphatic vessels (fig. 124, a. I.) enter the lymph -channels after 
passing through the capsule, and the lymph is conveyed slowly along 
the channels of the cortical and medullary part towards the hilus, 
taking up many lymph -corpuscles in its passage. At the hilna it is 
gathered up by an efferent vessel or vessels (e. l.) which take origin in 
the lymph-sinuses of tlie medulla. 

An artery passes into each gland at the hilus ; its branches are 
conveyed at first along the fibrous cords, but soon pass into the 
lymphoid tissue, where they break up into capillaries (fig. 125, dj^ 
The blood is returned by small veins, which are conducted along the 
fibrous trabeculte to the hilus again. 




The thymns gland is a lymphoid organ which is found only in the 
embryo and during infancy. It is composed of a number of larger and 
smaller lobules [fig. 12(ii, which are separated from one anotlier by 
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septa of connective tissue, along wliicb tlic blooil-vi'swls niul Ijinpliatics 
pass to and from tlie lobulea. Kach lobule sbowx pbiiiily, wbcii 
examined with the low power, a dixtiiiution into an outer cortical und 
an inner mednUar; portion. The cortical part of the lobule is imper- 
fectly divided into nodules by trabecule of connective tiaaue, and in 
very sinular in structure to the lymphoid tissue of the lyiupbatic 
glands and tonBilfl, but the medulla is more open in its texture, and 
the reticulum is composed of larger, more transparent, flattened cells, 
and contains fewer lympli-corpusclcs. Moreover, there nrc foimd in 
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the medulla peculiar concentrically striated bodies (the cojicenlrk cor- 
puscles, fig. 127), which are usually composed of anuiuhcr of flattened 
cells arranged concentrically around one or more central cells. Some- 
times these corpuscles are compound, two or tlirec being gi-ouped 
togetlier and similarly enclosed by flattened cills. The Ijmpboid 
tissue is abundantly supplied with capillary blood -veRscls, and largo 
lymphatic vessels issue from the organ, but in whnt wiiy the latter ure 
connected with the lobules has not been ascertained. 

Lymphoid tissue occurs in many other parts of the body in addition 
to the lymphatic glands, tonsils, and thymus gland, although it may 
not, as in these structures, constitute the bulk of the organ. Thus it is 
found in many mucous membranes, such as those of the intestine and 
of the respiratory tract, both in a diffuse form and also collected into 
nodular masses which are like the cortical nodules of a lymphatic 
gland, and may, like those, be partially surrounded by a lymph -sinus. 
In the spleen also a lar^^o amount of lymphoid tissue is found ^heatbing 
the sm^er arteries, and also expanded into nodular masses (Malpighlan 
corpuscles of the spleen). In these organs it will, however, be studied 
in subsequent Lessons. 

Lymphoid tissue also occurs in considerable amount in the serous 
membranes, especially in young animals ; in the adult it is often trans- 
formed into adipose tissue. The tissue is generally developed in con- 
nection with lymphatic vessels, an accumulation of retiform tissue and 
lymph-cells taking place cither external to and around the lymphatic 
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(perilymphatic nodiilo) ; or the lyiiipliatic is dilated into a 
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the formation of lymphoid tissue occurs within it (endol;piiphatic 
nodule) (see fig. 128). 
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LESSON XXIII. 

THE SKIN. 

1. Sections of skin from the palmar Rurfaco of the finj^crs. The sections 
are to be made vertical to the surface, and should extend down as far as the 
subcutaneous tissue. They may be stained witli lofovood or picro-carnimo 
and mounted in Canada balsam. In these sections notice the layers of the 
epidermis and their different behaviour to the staining fluid. Notice also the 
papillse projecting from the coriuin into tlie epidermis, and look for tactile 
corpuscles within them. In very thin parts of the sections the fine inter- 
cellular channels in the deeper parts of the epitliolium (see Lesson VI. p. ti2) 
may be seen with a high power. The convoluted tubes of the sweat-glands 
will be seen here and there in the deeper parts of the corium, and in thick 
sections the corkscrew-like channels by which the sweat is conducted through 
the epidermis may also be observed. Make a sketch showing the general 
structiu'e under a low power, and other sketches to exhibit the most important 
details under a high power. Measure the thickness of the epidermis and the 
length of the papillae. 

2. Sections of the skin of the scalp, vertical to the surface and parallel to 
the slope of the hair-foUicles, and others parallel to the siuface, and therefore 
across the hair-folUcles. Stain and mount in the same way as in the last 
preparation. Examine also the structiu'e of the hairs. 

In these preparations the details of stnicture of the hairs and hair-follicles 
together with the sebaceous glands and the little muscles of the liair-foUicles 
are to be made out. 

3. Vertical sections across the nail and nail-bed, cut with a strong 
scalpel or razor. The sections are stained with hajmatoxylin or picro- carmine. 
Notice the ridges (not papilhe) of the corimn projecting into the epidermis. 
Observe also the distinction of the epidermis into Malpighian layer and nail 
proper. 

4. Mount in Canada balsam a section from a portion of skin of which the 
blood-vessels have been injected, and notice the distribution of the capillaries 
to the sweat-glands, to the hair-follicles, and to the papillary surface of the 
corium. 



The skin is composed of two parts, epidermis and cutis vera. 

The epidermis, or scarf skin, is a stratified epithelium (fig. 129). 
It is composed of a number of layers of cells, the deeper of which are 
soft and protoplasmic, and form the rete miLCOSum of Malpighi, whUst 
the superficial layers are hard and homy ; this horny portion some- 
times constituting the greater part of the thickness of the epidermis. 
The deepest cells of the rete mucosum, which are set on the surface of 
the cutis vera, are columnar (fig. 129, c) in shape. In the coloured 
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races of manliiiid these cells contain pigment -granules. In the layers 

immediately above them the cells are polyliedral (fig, 129, y). Between 
all these cells of the rote mucoBum there are Qne intercellular clefts 
which separate the cells from one another, but are bridged across by 
fine fibres, 'which pass &om cell to cell. The intercellular channels 
serve for the passage of lymph, and within them occasional lymph- 
corpuscles may be found, often having a stellate figure from compres- 
sion. The most superficial layer of the rote mucosum is formed of 
somewhat flattened granular cells [stratum gTanulosum, s.gr). Im- 
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mediately above this layer, the homy part of the epidermis ci 
as a layer of clear compressed cells several deep (stratum lucidum, s,l,). 
Above this comes the main part of the homy layer. It is composed ot 
A number of layers of somewhat swollen cells [sui.], the nuclei of 
which are no longer visible. These cells become flatter as they 
approach the surface, where they eventually become detached in the 
form of thin homy scales is). 

The growth of tho epidermis takes place by a multiplication of the 
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eellfl oi the deeper layers. The newljr formed cells, as they grow, push 
towards the sarbce those which were previously fonncid, and in their 
progress the latter undergo a chemical transformation, which converts 
their protoplasm into homy material. This change seems to occur 
at the stratom granulosum (see fig. ISO) ; the granules which occupy 
the cells of that layer being composed of a substance termed eleidm, 
which is transformed into keratin. 

No blood-vessels pass into the epidermis, but it receives nerves 
which ramify between the cells of the rete mucosum in the form of 
fine varicose fibrils (fig. 120). 




The catis vera or corium is composed of dense connective tissue, 
whioh becomes more open and reticular in its texture in its deeper 
part, where it merges into the subcutaneous tissue. The superficial or 
vascular layer of the corium bears minute papilla, which project up 
into the epidermis, which is moulded over them. These papilla for 
the most part contain looped capillary vessels (fig. 137), but some, 
especially those of the palmar surface of the hand and fingers, and the 
corresponding part of the foot, contain tactUe corpuscles, to which 
medollated nerve-fibres pass (fig. 97, b). 

In some parts of the body (scrotum, penis, nipplo, and areola), 
involuntary muscular tissue occurs in the deeper portions of the cutis 
vera, and in addition, wherever hairs occur, small bundles of this 
tissue are attached to the hair-foUicles. 

The blood-vessels of the skin are distributed almost entirely to the 
surface, where they form a close capillary network, sending up loops 
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into the papillffi. Special branches are also distributed to the various 
append&ges of the skin, viz. the sweat-glands and hair-follicles, with 
their sebaceous glands and little muRcIce, as well as to tlie little masses 
of adipose tissue which may be found in the deeper parts of the cutis. 

The lymphatics originate near tlie surface in a network of vessels, 
which is placed a little deeper than the blood -capillary network. They 
receive branches from the papilla, and pass into larger vessels, which 
are valved, and which run in the deeper or reticular part of the coriam. 
From these the lymph is carried away by still lai^r vessels, which 
course in the subcutaneous tissue. 

The appendages of the skia are the nails, the hairs, with their 
sebaceous glands and the sweat-glands. They are all developed 
as thickenings and downgrowtlis of the Malpigliian layer of the epi- 
dermis. 



" '^tTS'^/^Wi 




(He 

The nails are thickenings of the stratum liicidum of the epidermis, 
which are developed over a specially modified portion of the cerium, 
which is known as tlie hcd of the nail, the depression at the posterior 
part of the nail-bed from which t)ie root of tlie nail grows being 
known as the nail-groove. The distal part of the nail forms the free 
border, and is the thickest part of the body of the nail. The homy 
substance of the nail (fig. 181, N) is composed of clear homy cells, 
each containing the remains of a nucleus ; it rests immediately upon 
a Malpighian layer iB) similar to tliat which is found in the epidermis 
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generally. The corium of the nail-bed is beset witli longitudinal 
ridges instead of the papillae whieli are present over the rest of the 
skin ; these, like the rest of the superficial part of the corium, are 
extremely vascular. The nails are developed in the foetus at about 
the third month, the groove being formed at tliis time in the corium, 
and the nail-rudiment appeanng in it as a thickening of the stratum 
lucidum, which extends forward over tlie bed. It becomes free in tlie 
sixth month, its free end being at first tliin, but as it grows forward 
over the bed it appears to receive additions on its under surface, so 
that after a time the distal part becomes the thicker. The superficial 
layers of the cuticle which originally covered the developing nail become 
detached, and, after birth, only remain as the narrow border of cuticle 
which overlies the lunula. 

The hairs are growths of the epidermis, which are developed in 
little pits — the hair-follicles — which extend downwards into the deeper 
part of the corium, or even into the subcutaneous tissue. The liair 
grows from the bottom of the follicle, the part which thus lies witliin 
the follicle being known as the root. 

The substance of a hair is mainly composed of a pigmented, horny, 
Uhrous material (fig. 182,/), which can bo separated by the action 
of sulphuric acid into long tapering cells, the nuclei of which are 
still visible. This fibrous substance of the hair is covered by a layer 
of dehcate imbricated scales termed the hair cuticle ( c ). In many hairs, 
but not in all, the centre is occupied by a dark-looking axial substance 
[medulla^ m), formed of angular cells which contain granules of eleidin, 
particles of dark pigment, and frequently minute air-bubbles. The 
latter may also occur in interstices in the fibrous substance. When 
they are present, the hair looks white by reflected light. The root has 
the same structure as the body of the hair, except at its extremity, 
which is enlarged into a knob (fig. 188, h) ; this is composed mainly 
of soft, growing cells, and fits over a vascular _pa/;i7Za (p), which pro- 
jects up into the bottom of the follicle. The folhcle, like the skin 
itself, of which it is a recess, is composed of two parts : one epithelial, 
and the other connective tissue. The epithelial or epidermic part of 
the foUicle closely invests the hair-root, and is often in great part 
dragged out with it ; hence it is known as the root-sheath. It consists 
of an outer layer of soft columnar and polyhedral cells, like the Mal- 
pighian layer of the epidermis— the outer root-sheath (figs. 188,/; 
184, e) ; and of an inner, thinner, horny stratum next the hair — the 
inner root-sheath (figs. 188, g ; 184,/). The inner root-sheath itself 
consists of three layers, the outermost being composed of oblong cells 
without nuclei (Henle's layer) y the next of flattened polyhedral nu- 
cleated cells [Hiixleifs layer) y and the third — the cuticle of the root- 
sheath — being a thin layer of downwardly imbricated scales, which fit 
over the upwardly imbricated scales of the hair itself. 

The connective tissue or dermic part of the hair-follicle (fig. 184, 
a, c, d) is composed internally of a vascular layer, separated from the 
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root-sbesth by a basement-membrane termed the hyaline layer of tlie 
follicle. Tliie inner vascular layer corresponds to the superficial layer 
of the cutis vera. Its fibres and cells have a 
regular circular arrangement around the follicle, 
the cells being flattened against the hyaline layer. 
Externally the dermic coat of the follicle has 
a more open texture, corresponding to tlie reti- 
cular part of the cutis, and containing the larger 
branches of the arteries and veins. In the largo 
tactUe hairs of animals, the veins near the bottom 
of the follicle are dilated into sinuses, so as to pro- 
dace a kind of erectile structure. 

The hair grows from the bottom of the follicle 
by multiplication of the soft cells which cover the 
papilla, these cells becoming elongated to form the 
fibres of the fibrous substance, and otherwise modi- 
fied to produce the medulla and cuticle. 

When a hair is eradicated, a new liair is pro- 
duced from these cells. It is not uncommon to find 
hair-follicles in which the whole of the lower part 
has degenerated in such a way that tlie vascular 
papilla, and the soft, growing cells which cover it. 
may have entirely disap[)eared. The liair tlien 
ceases to grow, and eventually becomes lost, but 
its place may be again supplied by a now hair, 
which becomes formed in a downgrowth from 
either the bottom or the side of the hair-folUcle, a 
new papilla first becoming formed at the extremity 
of the downgrowth (fig. 135). If not previously 
detached, the old hair may be pushed from out the 
follicle by the one whicli replaces it. 

The hairs are originally developed in the embryo 
in the form of small solid downgrowths from the 
Malpighian layer of tlie epidermis (fig. VAG, A). 
The hair-rudiment, as it is called, is at first com- 
posed entirely of soft, growing cells ; but presently 
those in the centre become differentiated, so as to 
produce a minute hair invested by inner root- 
sheath, and its base resting upon a papilla which 
has grown up into the extremity of tlie hair-rudi- 
ment from the corium (fig. 130, D). As the 
minute hair grows, it pushes its way through the 
superficial layers of the epidermis, which it finally 
perforates (Cj. The hair-rudiments commence at 
the third or fourth month of foetal life ; their 
growth is completed about the fifth or sixth 
month, and they form a complete hairy covering 
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termed tlio lami-jo. This is entirely shed within a few moiithB of birth. 
the new hairs being formed in downgrowths from the old hair -follicles 
in the manner already mentioned. 

Hairs grow at the rate of half an inch per month. They are found 
all over the body except on the palms of the hands and the sotea of 
the feet, and on the distal phalanges of the fingers and toes. They 
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usually slant, and in the negro the hair- follicles are even considerably 
curved. Un the scalp they are sot in groups, as is well seen in a hori- 
zontal section. 

The hairs of animals are often curiously marked by the arrange- 
ment of tlieir mednlla, the markings being often characteristic of the 
particular species. 

Mtiscles of tite hairs. — A bundle of plain muscular tissue is attached 
to each hair- follicle ; passing from the supei^ficial part of the corium, on 
the side to which the hair slopes, obliquely downwards, to be attached 
near the bottom of the follicle {arrcctor jiiU, fig. 188, n). When the 
muscle contracts, the hair becomes eructe<l, and the follicle is dragged 
upwards so as to cause a promineneu on the general surface of the 
skill ; whilst the part of the corium from which the little muscle arises 
in corrcH|)ondingty depressed ; the roughened condition known as 
' goose skin ' being in this way produced. 

The Bebaceoua glanda (tig. 188, t) arc small saccular glands, the 
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dacts from which open into the mouths of tlie hair -follicles. Both the 
duct and the saccules are lined by epithelium, which becomes charged 
with fatty matter. This sebaceous matter is discharged into the ca^-ity 
of the saccule, probably owing to the disintcgraliou of tbe cells ^'ithiii 
which it is formed. There may be two or more sebaceous glands 
attached to each fdlicle. 

The sebaceous glands are developed as outgrowths fi-om the outer 
root-sheath. 

The nreat-glandi are abundant over the whole skht, but they are 
moat numerous on the palm of the hand and on the sole of the foot. 
They are composed of coiled tubes, which lie in the deeper part of the 
integument and send their ducts up through tbe cutis to open ou the 
surface by corkscrew-hke channels which pierce the epidermis (fig. lt)7). 
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Tbe glandular or sccrctmg tube is a convoluted tube composed of 
a basement membrane hned by a single layer of cubical or columnar 
epithelium cells and with a layer of longitudinally disposed plain 
muscular fibres between the epithelium and basement membrane. 
It is considerably larger than the iffeient tube or duct which begins 
within the gland and usually maltes several convolutions before leaving 
this to traverse the cutis vera The efferent tube has an epithelium 
consisting of two or three lasers of celH mthm which is a well- 
marked cnticular linmg but then, la no muscular lajer The passage 
through the epidermis lias no proper wall but is merely a channel 
escavated between the epithelium cells. 

The ceruminous glands of tlie ear are modified sweat-glands. 
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The Bweat-glande are developed, like the hairs, from dowi^rowtha 
of the Malpighian layer of the epidermis into the corium, the rodi- 




monts which are thus formed becoming eventualljr coiled up at their 

extremities and converted into hollow tubes. 

The sweat-glanda receive nerve-fibrea, and each gland has a special 
cluster of capillary blood- vesBols. 
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LESSON XXIV. 

STRUCTURE OF THE HEART. 

1. In a section through the wall of the auricle which has been stained with 
magenta and mounted in glycerine, notice the relative thickness of the 
epicardium, myocardium, and endocardium. Observe the blood-vessels and 
nerve-fibres under the epicardium, often embedded in fSat ; here and there a 
ganglion may be seen imder this membrane. Notice also the elastic networks 
under both the pericardium and endocardium. Make a general sketch from 
this section. 

2. Section through the wall of the ventricle, stained with logwood and 
moimted in Canada balsam. The muscular fibres are variously cut. In 
those cut longitudinally, notice the branching of the fibres and their union 
into a network. Notice also that although the fibres are cross-striated this is 
less distinct than in voluntary muscle, and the nuclei lie in tlie centre of each 
fibre. Transverse markings may also be seen passing across the fibres 
between the nuclei and indicating a division into cells. The endocardium is 
very thin, especially over the columnse camese. 

8. The lymphatics of the heart are easily injected with Berlin blue by 
sticking the nozzle of the injecting syringe into the muscular substance, in 
the interstices of which the lymphatics arise. These commencing lymphatics 
lead to efferent vessels which pass to the base of the heart under the epi- 
cardiimi. 

4. Section through one of the valves of the heart, stained and moimted 
as preparation 2. 

5. The epithelium which covers the epicardium, and that which lines the 
endocardiimi, may be studied in preparations of the firesh organ which have 
been treated with nitrate of silver and subsequently exposed to the light and 
hardened in alcohol. 



The muscular substance of the heart {myocardium) is composed of 
transversely striated muscular fibres (fig. 189), which differ from those 
of voluntary muscle in the following particulars : their striations are 
less distinct ; they have no sarcolemma ; they branch and unite with 
neighbouring fibres, and their nuclei lie in the centre of the fibres. 
Moreover, the fibres are composed of a series of short cylindrical cells 
(fig. 140) joined together end to end, each corresponding to one of the 
nuclei. The lines of junction of these cells may sometimes be seen in 
longitudinal sections stained with haamatoxylin or magenta ; but they 
come much more distinctly into view in sections of the fresh tissue 
stained with nitrate of silver. 

i2 
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In the iDterst ceo of the muscular tissue there ia a little areolai 
tissue n wh ch run tl e very numerous blood -capillaries and the 

lacunar lymphat cs 



^11 • 




t F BRK KOU THB FlO. 140.— SiX HUBCULAR VIBRK-CSLU 

> B uw (I THE n FUOH THE HEART. (Magnified 4S6 

ONI, AN JUHC- diameters.) 




The myocardium is covered externally by a layer of serous mem- 
brane — the epicardium (cardiac pericardium, fig. 141)~compoaed, like 
other serous membranes, of connective tissue and elastic fibres, the 
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latter beit^ most numerona in its deeper parte. Underneath the 
epioardinm nm the blood- vessele, nerves, and lymphatic vcsBels of the 
heart, embedded in areolar and adipose tissue ; this tissue being cou- 
tinoooB with that which hes between the muscular bundles. 

The endocardmm (fig. 142) has a structure not very unlike the 
pericardium. It is lined by a pavement -epithelium, like the epithelium 
of a BerouB membrane, and consists of connective tissue with elastic 
fibres in its deeper part, between wliicb there may, in some parts, be 




found a few plain muscular fibres. F»t ia eometimes met with under 
the endocardium. 

In some animals, e.g. the sheep, and sometimes also in man, large 
beaded fibres are found uuder the endocardium. These are formed of 
large clear cells joined end to end, and generally containing in their 
centre two nuclei, whilst the peripheral part of the cell is formed of cross- 
striated muscular tissue ; they ore known as tlie fibres of Purkinje. 

The valoas of the heart are formed of folds of the endocardium 
strengthened by fibrons tissue (fig. 143). This tissue forms a thicken- 
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ing near the &ee edge of the valve {&). At the base of the auriculo- 
ventricular valves a little of the muscular tissue of the auricle may be 
found passing a short distance into the valve. 

The nerves of the heart are seen in sections underneath the epi- 
cardium of both auricles and ventricles ; in the former situation, they 
are connected at intervals with small ganglia (fig. 141, g). Their 
branches pass to the muscular substance, but their mode of termina- 
tion has not been ascertained. 
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LESSON XXV. 

THE TRACHEA AND LUNOS. 

1 • In sections of trachea, stained with logwood or borax-carmine, and mounted 
in Canada balsam, notice the ciliated epithelium, the basement-membrane 
(of some thickness in the human trachea), the l^-mphoid tissue of the mucous 
membrane, the elastic tissue external to this, and lastly the fibrous membrane 
containing the cartilages. In the mucous membrane and submucous areolar 
tissue look for sections of mucous glands, ducts of which may be seen opening 
on the surface. At the back of the trachea notice the plain muscular fibres 
transversely arranged ; there may be larger mucous glands external to these. 

2. In sections of limg similarly prepared, notice the sections of the alveoli 
collected into groups (infimdibTila). Find sections of bronchial tubes, 
some cut longitudinally and passing at their extremities into the infundibula, 
others cut across ; the latter show the structure of the tubes best. In each 
tube notice the ciliated epithelium internally. Next to this the mucous 
membrane containing numerous elastic fibres and often thrown into folds ; 
then the layer of circular muscular fibres, and outside this, loose fibrous tissue 
in which in larger bronchial tubes the pieces of cartUage may be seen embedded. 
Small mucous glands may also be observed in the fibrous tissue sending their 
ducts through Qie other layers to open on the inner surface. Notice always 
accompanying a section of a bronchial tube the section of a branch of the 
pulmonary artery. 

In the sections of the alveoli observe the capillary vessels passing from 
one side to the other of the intervening septa ; and in places where the thin 
wall of an alveolus is to be seen in the section, try and make out the net- 
work of blood-capillaries upon it. Notice within the alveoli nucleated cor- 
puscles which very firequently contain dark ])article8 in their protoplasm. 
They appear to be amoeboid cells which have migrated from the blood-vessels 
and have taken in inhaled particles of carbon. They seem to pass back into 
the lung tissue, for similar cells may be seen in this. Make a sketch of part 
of the wall of a bronchial tube and of one or two of the alveoli. 

8. Mount in Canada balsam a section of lung in which the pulmonary 
vessels have been injected. Study the general arrangement of the vessels 
with a low power, and the network of capillaries of the alveoli with a high 
power. Observe that the veins run apart from the arteries. Sketch the 
capillary network of one or two adjoining alveoli. 



The trachea or windpipe is a fibrous and muscular tube, the wall 
of which is rendered somewhat rigid by Q- shaped hoops of cartilage 
which are embedded in the fibrous tissue. The muscular tissue, which 
is of the plain variety, forms a flat band, the fibres of which run trans- 
versely at the back of the tube. The trachea is lined by a miccous 
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membrane (fig. 144, a-c), which has a ciliated epithelium upoD its 
inner Ruiface. The epitheliiim-cells have been already described 
(Lesson VII.) ; they rest upon a thick basement -membrane. The 
mucoas membrane proper consistB of areolar and lymphoid tisBue, and 
contains numerous blood-vessels and lymphatics. In its deepest part 
is a well-marked layer of longitudinal elastic fibres (d). Many small 
glands for the secretion of mucus are found in the wall of the trachea. 
They may lie either within the mucous membrane or in the submncouB 
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OP TWO CAKTILAOINOUS BiNOS. (Moderately mflRnified.) 

g, olllBted eplClielluni ; i, bEuoment-mEnibnine ; c, HUperflctol part of the manma i. . 

coDtalninfi the wMtlons of nnmeroun mplllBry bluoiJ-FcascIa nnri maeh Ijmphoid ttane ; d, 

KnnUr tlaiue, conUlnlng tlie larger bLood-TeHieLs. Hmall mucnua glninlii (theli dnota ud 
slFBUIl ureiieen In section), fit, *c. ;/, nbroua tlasuo InTiwtlngand uniclngtheoartlliiges; 



areolar tissue {e), or, lastly, at the back of the trachea, outside the 
transverse muscular hbres. 

The two divisions of tlio trachea, the broitcM, are precisely similar 
in structure. 

The larynx is also very like the tra«hea so far as the structure of 
the mucous membrane is concerned, but over the true vocal cords and 
upon the epiglottis, as well as here and there in the part above the 
glottis, stratified epithelium is found, and taste-buds (see T 
XXYI.| may occur iu this epitlieUum, except over the vocal corde. 
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The lymphoid tiasae is especially abundant in the mncous mem- 
brane of the ventricle of Morgagni, and a large number of mucouB 
glands open into this cavity and into that of the sacculua. 

The true vocal corda are composed of fine elastic fibres. 

The cartilages of the trachea and larynx are hyaline, except the 
epiglottis and the cartilages of Santoriui and of Wriaberg, which are 
compoaed of elastic fibro-cartilage. 
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The Inogs are formed by the ramifications of the bronchial tubes 
and their temiiital expansions which form groups of sacculated dila 
tations {mfimdibula), beset everywhere with small hemispherical 
bnlgmgs, Imown as the air cells or pulmonary aliLolt 




The bronchial tnbei (figs. 146, 147) are lined in their whole 
extent by ciliated epithelium which rests on a basement -membrane. 
External to this is the cerium of the mucoua membrane, containing a 
large number of longitudinal elastic fibres and some lymphoid tissue. 




The sraalleat bronchial tubes, which are about to expand into 
infundibula, gradually lose the cliatinctneaa of the several layers, t1 
^rall at tlie same time being gi'eatly thinned out and becoming bal 
to form the alveoli. The epithelium also becomes changed; 
columnar and ciliated it becomes cubical and non-ciliated. 

In the alveoli themselves, besides small groups of cubical Gellii, 
there are large irregular dattened (^ells (fig. 148) which form an 
extremely delicate layer, Eepnratiug the blood -capillaries from the 
within tlio alveoli. The capillary network of the alveoli is vi 
close (tig. 149), and the capilla.ry vessels of arljoining alveoli are 
complete continuity, the vessels passuig first to one side and tlien 
the other of the septa which Bepa.rate the adjacent nlveoti. 

lilood-vesscls. — Brauches of the pulmonary artery accompany the 
bronchial tubes to be distributed to the capillary networks upon tlio 
alveoli from which the blood i'* returned by the pulmonary veini 
which, pursu ng a separate course tl rougl tl e tissue of the lung, j< ' 
in tbeir course v tl otl ers to form larger essels which pass to 
hilus. Btoi cl es f o tl e I o i h at arte cs are distributed to 
waits of tl e t roncl al tubes a 1 tu tl b eo ective tissue of tlie Itli 
This t ss e I iterve es e crj 1 e s til juantity between the 
fundibula ( te-sttaltsM ) Ifnsad stinot layer, cont&ini 
much elastic tissue, covt-ring llie surface of the lung underneath 
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serous membrane (subserous tissue). In some animals this subserous 
layer contains plain muscular tissue, which is especially developed 
near the lung-apex. 

The lymphatics of the lung form two sets of vessels, one set 
accompanying the br6nchial tubes, and another set forming a network 
in the interstitial connective tissue, and in the subserous tissue. Both 
sets of lymphatics tend towards the liilus and enter lymphatic glands 
at the root of the lung. Those in the subserous tissue communicate 
by means of stomata between the epithelial cells of the serous mem- 
brane with the cavity of the pleura. 

The pleura, which covers the surface of the lung, has the usual 
structure of a serous membrane. It is provided with a special network 
of capillary blood-vessels, which are supplied by branches of the 
bronchial arteries. 
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LESSON XXVL 

STRUCTURE OF THE TEETH, THE TOSGUE, ASD MUCOUS 

MEMISHANE OF THE MOUTH, 

1. Study first with the low power and aflerwanlii with the hi^ power a 
longitudinal section of a human to<ith which has t/een prepared by grinding. 
It is better to purchase this spcscimen, for the prricens of preparation is 
difficult and tedious without the aid of special apparatus. K%arnine carefully 
the enamel, the dentine, and the cement. The dark ap|M;arance of the 
dentinal tubules is due to their containing air in the dri(;d s]iecirnen. Measure 
the diameter of the enamel prisms and of s^ime of the dentinal tubules. 
Make sketches from each of the tissues. 

2. Mount in Cana^la balsam a section of a Uxith in hUu, which has been 
decalcified in chromic or picric acid and stained with logwrKKl or borax- 
carmine. In this section trie mode of imt»lantation of a UKith, as well as the 
structure of the pulp, can l>e fnade out. Make a general sketch under a low 
power, and under a high power draw a small pieces of the tiulp showing the 
processes of the odontoblasts extending into the dentinal tiiouli^. 

8. The development of the teeth and the fonnatirm of their tissues are 
studied in sections made acrr>sH the snout and lower jaw of f/etal animals. 
The preparation should l>e stained in Inilk with alcoholic magenta, borax- 
carmine, or hematoxylin, and emlM»<Meil in paraffin, and the sections motinted 
by the shellac-creosote prrx^^ss (see Appendix). 

4. Section across the whole tongue of a small fiiarnmal ; stain with log- 
wood, and mount in Cana^ia balsam. In these sections the arrangement of 
the muscular fibres and the structure of the )>apilltf5 of the mucous mem- 
Inrane may be studie<l ; and if the organ have been previousl^y iniect<5d, the 
arrangement of the blood-vesMjls in the muscular tissue and m the mucous 
memtnrane will also be well seen* 



THE TEETH. 

A tooth conflistfl of three calcified tiHHueH : the enamel^ which in of 
epithelial origin, the dentine, and the cement^ or crmta petrosa. The 
dentine forms the main Hubntance of a tooth, the enamel covers the 
crown, and the cement is a layer of bone which invests the root 
(fig. 160). 

The enamel is fqpied of elongated hexagonal prums i^f^. 151), 
which are set vertically, or with a slight curvature upon the surfEice of 
the dentine. They are marked at tolerably regular intervals with 
slight transverse shadings producing an indistinct cross-striated ap- 
pearance. Sometimes coloured lines run through the enamel across 
the direction of its fibres. 
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The dentine is composed of a hard dense substaDce like bone, bnt 
containing no Haversian canals or lacunie. It is pierced everjrwhere, 
however, by fine canaliculi [dentinal tubules, figs. 152, 163), which 
radiate outwards from a central cavity which, during life, contains the 
pulp. The tubules branch at acute angles as they pass outwards ; 
their branches become gradually finer towards the periphery of the 
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dentine. The tubules have a proper wall of their own, which can be 
isolated by steeping a section of tooth in strong hydrochloric acid. In 
the living tooth they are occupied by protoplasmic fibres, which are pro- 
longed from the superficial cells of the pulp. 

The intertubular substance is for the most part homogeneous, bnt 
here and there indications can bo seen of its deposition in the form of 
globules. This is especially the caae near the surface of the dentine, 
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where tlie globular deposit and the interglobular spaces may produce 
a granular appearance {gramilar layer, fig. 152, a), and also in the 
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Gouree of certain line9 or clefts which are seen traversing (he dentine 
across the direction of the tubules (incremental lines, fig. 150, shown 
magnified in fig. 151 1. 
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The pulp consists of a soft, somewhat jelly-like, connectiTO tissue, 
containing many branclied cells, a network of blood-Tessels, and some 
nerve fibres which pass into the pulp-cavity along with the blood- 
vessels by a minute canal at the apex of the fang. The superficial 
cells of the pulp form an almost continuous layer, like an epithelium. 
They are known as odontoblasts, from having been concerned in the 
formation of the dentine. 

The cmita petrosa (fig. 152, i) is a layer of lamellated bone in- 
cluding lacunio and canaliculi, hut without Haversian canals, at least 
normally in ttio human teeth. It is covered with periosteum {dental 
periosteum), which also lines the socket, and serves to fix the tooth 
securely. 

Formation of the teeth.— Tlie teeth are developed in the same 
maniior as the hairs. A thickening of the epithelium occurs along the 
lino of tlio gums, and grows into the corium of the mucous membrane 
{comvwn enamel-germ, fig. 155, A). At regular intervals there is yet a 
further tliickening and growth from the common enamel-germ into tlie 
tissue of the mucous membrane, each of these special rudiments swelling 
out below into a flask-shttped mass of cells, the special enamel-germ, 
fig. 155, ]J), A vascular papilla grows up from the corium into the 
bottom of the special onamol-gcrm (fig. 155, C, D) ; this papilla has 
the shape of the crown of the future tootli. Each special enamel- 
germ, with its included papilla, presently becomes cut off from the 
epithelium of the nioutli, and surrounded by a vascular membrane — 
the dental sac. The papilla becomes transformed into the dentine of 
the futures tooth, and the enamel is deposited upon its surface by tlie 
epithelial cells of the enamel-germ. 'J'he root of the tootli, with its 
covering of cement, is formed at a la^er period, when the tooth is 
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laegiiming to grow up through the gum, by a gradual elongation of t1 
baae of the papilla. 

Previously to tlie deposition of the enamel, the euamel-germ und« 
goes a peculiar transformation of ite previously rouriitad epUhelium 




cells into three layers of modified cells. One of these is a layer of 
columnar ceils (fig. 166, d), wliicli immediately covers the surface 
of the dentine. These columnar cells form the enamel -prisms either 
by a deposition of calcareous salts external to them, or by a direct 
calcification of tlieir protoplasm. The cells next to the dental sue 
foim a single layer of cubical epithelium {e\. all the other cells of tWa 
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enamel-germ become transformed into branching corpascles (c) com- 
mmiicating by their processes, and thus forming a continuous net- 
work. The enamel-germ, after it is thus modified, is known as the 
enamel-organ. 

The dentine of the tooth is formed by calcification of the surface of 
the papilla. At this surface there is a well-marked layer of odonto- 
blasts (fig. 157), and these produce a layer of dentinal matrix which 
forms a sort of cap to tlie papilla, and whicli soon becomes calcified by 
the deposition of globules of calcareous matter. Processes of the 
odontoblasts remain in the dentine as it is forming, and tlms the 
dentinal tubules are produced. Subsequently other layers of dentine 
are formed within the first by a repetition of the same process, and in 
this way the papilla gradually becomes calcified. A part, however, 
remains unaltered in the centre of the tooth, and with its covering of 
odontoblasts forms the pulp. 

The ten milk-teeth are formed in each jaw in this manner. 
These, however, become lost within a few years after birth, and are 
replaced by permanent teeth in much the same way that a new succes- 
sion of hairs occurs. A small outgrowth takes place at an early period 
from the enamel-germ of each of the milk-teeth (fig. 155, D^fp), and 
this eventually becomes the germ of the corresponding permanent 
tooth. It gradually enlarges, acquires a papilla, forms an enamel- 
organ, in short, passes through the same phases of development as its 
parent germ, and when the milk-tooth drops out of the jaw in conse- 
quence of the absorption of its roots (by osteoclasts) the permanent 
tooth grows up into its place. 

But there are six permanent teeth in each jaw which do not suc- 
ceed milk-teeth ; these are the permanent molars. They are developed 
from an extension backwards of the original epithelial thickening 
(common enamel-germ) and the downgrowth from this into the corium 
of three successive special enamel-germs at comparatively long intervals 
of time. Within these the tissues of the permanent molars become 
formed in a manner exactly similar to that in which the milk-teeth are 
developed. 



THE TONGUE. 

The tongue is mainly composed of striated muscular fibres, running, 
some longitudinally, and others transversely. It is covered by a mucous 
membrane, the epithelium of which, like that of the rest of the mouth, is 
thick and stratified, and conceals microscopic papillaB (fig. 158) like 
those of the skin. Besides these, the upper surface of the organ is 
covered with larger papillae, which give it a rough appearance. These, 
which are termed the Ungual pajdllce^ are of three kinds : (1) About 
twelve or thirteen comparatively large circular projections, each of which 
is surrounded by a narrow groove (fossa), external to which the mucous 
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membrane is raised above the j^mioriI level ivallumi ifis?. ir»9». Tliose 
papillfe form a V-slminnl line lowanls the hack of the tongue : they 
receive filaments of the glosso-pliaryn«;eal nerve, ami have taste-hiuls in 
the epiihelium which covers tlieir sides, and in that of the side of tlie 
vallam. They are known as the circnmvallate jHipilUf. {2) All the rest 
of the papillajry surface of the tongue is covered by coniad papilUe, so 
named from the conical pointed cap of epithelium which is borne by 
each ; sometimes this cap is fringed with fine epithelial filaments, when 
they are termed filiform (fig. 161). (8) ScatteriHl here and then* 
amongst the conical papillfe are other larger papilhe, i\H\fumjifonn 
(fig. 160). These are very vascular, and lie partly eml)edded in little 
depressions of the mucous membrane. 

Small tubular glands may be seen between the suiuM-ficial nniscular 
fibres sending their ducts to the surface. Most of them sei'rete mucus, 
but those which open into tlie trenches of the circunivallate papilhe, 
and a few others elsewhere, yield a serous secretion. 

The mucous membrane at the back of the tongue contains a large 
amount of lymphoid tissue. 

The taste-buds.— The minute gustatory organs which are known as 
taste-buds may be seen in sections which pass through the papilhe 
vallatfe or the papilhe fungiformes ; tliey are also present here and 
there in the epithelium of the general mucous membrane of the tongue, 
especially at the back and sides, and occur also upon the under surface 
of the soft palate, and on the epiglottis. But they are most easily 
studied in the papilhe foliatie of the rabliit, two snuill oval areas lying 
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on either side of the back of the tongue and marked transversely with 
a number of small ridges or laminro with intervening furrows (see 
figs. 162 and 168). Sections across the ridges show numerous 
taste-buds embedded in the thick epithelium which clothes their sides. 
The taste-buds are ovoid clusters of epithelium-cells which lie in 
cavities in the stratified epithelium (fig. 164). The base of the taste - 
bud rests upon the coriuni of the mucous membrane, and receives a 
branch of the glosso-pharyngeal nerve ; the apex is narrow and com- 




The cfilla which canipoBe the taste-bud are of two kinds. \iz. : 

1. The guslulun/ celh (fig. lO.'i. a), which are Jeliciite fusiform c 
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bipolar cells composed of the cell-body or nucleated enlargement, and 
of two processes, one distal, the other proximal. The distal process is 
nearly straight, and passes towards the apex of the taste-bud, where it 
terminates in a small, highly refracting cilium-like appendage, which 
projects into the pore above mentioned. The proximal process is more 
delicate than the other, and is often branched and varicose ; it is 






Fig. 166. — ^Various cells from taste-bud of rabbit. ((>00 diameters.) 

ff, four gustatory cells from central part ; 6, two suatentacular cells, and one gustatory cell, in 

connection ; c, tlirce sustentacular cells. 



believed to be directly connected with an entering nerve-fibre. 2. The 
sustentacular cells (fig. 1G5, c). These are elongated cells, mostly 
flattened, and pointed at their ends ; they lie between the gustatory 
cells, which they thus appear to support, and in addition they form a sort 
of envelope or covering to the taste-bud. Between the cells of the taste- 
bud lymph-corpuscles are often seen, having probably wandered here 
from the subjacent mucous membrane. 
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LESSON XXVII. 

THE. SALIVARY GLANDS, 

1. Study carefully sections of the submaxillary gland of a dog. The 
gland should have been hardened in alcohol and stained with logwood. 
Notice the acini filled with clear cells, the nuclei of which usually lie near the 
basement-membrane. Notice here and there, outside the clear cells, demi- 
lunes or crescents of small darkly stained granular-looking cells. Observe also 
the sections of the ducts with their striated columnar epithelium. Try and 
find a place where one of the ducts is passing into the alveoli. Sketch under 
a high power. 

2. Study sections of the parotid gland prepared in a similar way. 

3. Examine small pieces of both submaxillary and parotid gland fresh in 
saline solution. In the submaxillary gland notice that the alveolar cells are 
swollen out with clear mucigen, but that those of the parotid are filled with 
granules (zymogen).^ Make a sketch from each preparation under a high 
power. 

4. Prepare a transverse section of the oesophagus. Notice the thick 
muscular coat partly containing cross-striated fibres and the mucous mem- 
brane with its papillae and stratified epithelium. Look for mucous glands in 
the areolar coat. Sketch under a low power. 



The salivary glands may be looked upon as typical of secreting 
glands in general. They are composed of a number of lobules bound 
together loosely by connective tissue. Each small lobule is formed of 
a group of saccular or somewhat tubular alveoli or aciiii (fig. 166) from 
which a duct passes, and this, after uniting with other ducts to form 
larger and larger tubes, eventually leaves the gland to open upon the 
surface of the mucous membrane of the mouth. 

The alveoli are enclosed by a basement-membrane, which is 
reticular (fig. 167). This basement-membrane is continued along the 
ducts. Within it is the epithelium, which in the alveoli is composed of 
polyhedral cells (fig. 168, a), but in the ducts is regularly columnar, 
except in that part of the duct which immediately opens into the 

' To study the changes which the alveolar cells undergo during secretion, pilo- 
carpine is injected subcutaneously into an animal in sufficient amount to produce 
copious salivation ; after which the animal is killed and its salivary glands are 
examined as in preparation 3. The granules are not seen in preparations that 
have been in alcohol, but osmic acid preserves them ; they are best seen, however, 
in the fresh tissue. 
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alveoli ; in this it is flattened {d'). The columnar epithelium of tho 
ducts is peculiar, in that the cells show a distinction into two unequal 
zones, an outer, larger, striated zone, and an inner, smaller, granular 
one (fig. 168, d). 

The cells of the alveoli differ according to the substance they 
secrete. In alveoli which secrete mucus, such as all the alveoli of the 
dog's submaxillary, and some of the alveoli of the same gland in man 
(fig. 170), the cells are clear and swollen out with mucigen, which is 
discharged into the ducts when the gland is stimulated to activity. But 
in each alveolus there are some smaller cells which do not contain 
mucigen, and these generally form <;rescentic groups which lie next to 
the basement-membrane (fig. 169, c). These are the so-called crescents 
of Gianuzzi ; their constituent €ells are also known as marginal cells. 
In alveoli, on the other hand, which do not secrete miicus, but watery or 
serous saliva, such as the parotid in all animals, and some of the alveoli 
of the human submaxillary, the €ells are filled with granules when the 
gland is at rest, although the outer part of each cell may become clear 
after a long period of secretion (fig. 171). 

The largest ducts have a wall of connective tissue outside the base- 
ment-membrane, and also a few plain muscular cells. The blood-vessels 
of the salivary gland form a capillary network around each alveolus. 
The lymphatics commence in the foitn of lacunar vessels encircling the 
alveoli. The nerve-fibres, which are derived both from the cerebro- 
spinal nerves and from the sympathetic, have not been satisfactorily 
traced to their termination, but tliey probably become connected with 
the alveolar cells. 



THE PHARYNX AND (ESOPHAGUS. 

The pharjrnx is composed of a ^ftrot^s memhraney which is encircled 
by striated muscles, the constrictors, and lined by mucous membrane. 
The mucous membrane is lined in the upper part of the pharjmx and 
on the upper surface of the soft palate with ciliated epithelium, which 
is continuous with that of the nostrils, and through the Eustachian 
tube with that of the tympanum. Below the level of the soft palate 
the epithelium is stratified like that of the mouth and gullet, into 
which it passes. Li certain parts the mucous membrane contains a 
large amount of lymphoid tissue, especially at the back, where it 
forms a projection which is sometimes termed the pharyngeal tonsil, 
and there are numerous mucous glands opening on its surface. 

The OBSOphagus or gullet, which passes from the pharynx to the 
stomach, consists, like the pharynx, of a fibrous covering, a muscular 
coat, a lining mucous membrane, and intervening connective tissue 
(areolar coat) (fig. 172). The muscular coat is much more regularly 
arranged than that of the pharynx, and is composed of striated muscle 
in about its upper third only, the rest being of the plain variety. There 
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are two layers of the muscular coat, an outer layer, in wliicli tlie fihreCV 
run longitudinally, and an inner, in wliioh they course circularly. ThiT 
mncous memhrane is lined hy a stratified epithelium, uito which micro 
scopic papillie from the corium project. The coriuni is farmed of areolu 
tiaaue, and its limits are marked extemally hy n narrow layer of loufrf- J 




tndinally disposed plain muscular fibres, the museularis muco&a. 
is separated from the proper muscular eoat by the areolar coat, whicR 
contains the larger branches of tlie blood-vesselB and lymphatics, a 
also most of the mucous glands of the membrane. 
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LESSON XXVIII. 

THE STRUCTURE OF THE STOMACH. 

1. Sections of the cardiac re^^on of tho dog's Ktoniach, cut perpendicularly 
to the surface of the mucouR iiiciiihrane. The tissue is to be stained with log- 
wood or borax-carmine, and tho sections are to be mounted in Canada balsam. 

In these sections the general arrangement of the coats of the stomach is to 
be studied and sketches are to be made under a low power illustrating this 
arrangement, and others imder a high power showing the structure of the 
glands of the mucous membrane. 

Measure the whole thickness of the mucous membrane, the thickness of 
the muscular coat, the size of the columnar epitheliimi- cells of the surface, 
and that of the cells in the deeper parts of the glands. 

2. Sections of the mucous membrane of the same region, cut parallel 
to the surface. 

These sections will show better than the others the arrangement of the 
cells in the glands. 

3. Vertical sections of the mucous membrane from the pyloric region 
of the dog*s stomach. Make a sketch under a low power of one of the glands 
in its whole length, filling up some of the details with the high power. 

4. Study the arrangement of the blood-vessels of the stomach in vertical 
sections of the wall of an organ the vessels of which have been injected. 



The wall of the stomach consists of four coats, which, enumerated 
from without in, are as follows, viz.: serous j micsciilar, areolar or sub- 
mucous, and mucous membrane. 

The serous coat is a layer which is derived from the peritoneum. 
It is deficient only along the lines of the lesser and greater curvatures. 
'• ' The muscular coat consists of three layers of plain muscular fibres. 
Of these the bundles of the outer layer run longitudinally, those of the 
mid^e layer circularly, and those of the inner layer obliquely. The 
longitudinal and circular bundles become thicker and stronger towards 
the pylorus, at which they pass into the corresponding layers of the 
small intestine; at the pylorus itself the circular layer is greatly 
thickened to form the sj)hincler muscle. The oblique fibres are only 
present in the left or cardiac part of the stomach. 

The areolar or submucous coat is a layer of areolar tissue, which 
serves to unite the mucous membrane loosely to the muscular coat ; 
in it ramify the larger branches of the blood-vessels and lymphatics. 
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The mucotis membrane is a soft, thick layer, generally somewhat 
corrugated in the empty condition of the organ. Its thickness is 
mainly due to the fact that it is made up of long tuhular glands, which 
open upon the inner surface. Hetween the glands the mucous mem- 
brane is formed of areolar with much lymphoid tissue. Externally it 
is bounded by the miiHcularis mucosa ^ which consists of an external 
longitudinal and an inner circular layer of plain muscular fibres. The 
glands are formed of a basement-memhrunc lined with epithelium. 
Each gland consists of three or four sccretiiuj tubules ^ which open 
towards the surface into a larger common tube, the duct of the gland. 
The duct is in all cases lined by colunnmr epithelium of the same 
character as that which covers the inner surface of the mucous mem- 
brane, but the epithelium of the sccrethig tubules is somewhat different 
from this, and, moreover, differs somewluii ui the glands of the cardiac 
and pyloric regions of the organ. 

In the cardiac glands (fig. 178) the secreting tubules are long, and 
the duct short. The epithelium of the tubules is composed of two kinds 
of cells. Those of the one kind, which form a contumous lining to the 
tubule, are somewhat polyhedral in shape, and in stained sections look 
clearer and smaller than the others, but in the fresh glands, and in 
osmic preparations, they appear filled with granules (fig. 174).* These 
cells are believed to secrete the pepshi of the gastric juice, and are termed 
the chief cells of the cardiac glands, or, from their relative position in 
the tubule immediately surrounding the lumen, the central cells. Scat- 
tered along the tubule, and lying between thti chief cells and the base- 
ment membrane, are a number of other spheroidal or ovoidal cells, 
which become stained by logwood and other reagents more darkly than 
the central cells, TJiese are the supeniddcd or imrictal cells (oxyntic ^ 
cells of Langley). 

In the pyloric glands (fig. 175) the ducts are much longer than in 
the cardiac glands, and the secreting tubules possess cells of only one 
kind. These correspond to the chief cells of the cardiac glands. They 
are of a columnar or cubical shape, and in the fresh condition of a 
granular appearance, and quite unlike the columnar epithelium-cells 
of the surface, which are long tapering cells, the outer part of which 
is filled with mucus. At the pylorus itself the pyloric glands become 
considerably lengthened, und are continued into the submucous tissue, 
the muscularis mucosie being here absent ; they thus present transi- 
tions to the glands of Ihuinier, which lie in the submucous tissue of 
the duodenum, and send their ducts through the mucous membrane 
to the inner surface. 

The blood-vessels of the stomach (fig. 170) are very numerous, and 

• The granules are most numerouH at tho inn<»r part of tlie cell, a Bmall outer 
zone being left clear. After prolonged activity thin outer zone increases in size 
while the granules diminish in number as in the analogous cases of the pancreas 
and parotid glands. 

' Bo called because they produce the acid of the gastric secretion. 
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pass to the organ along its curvatures. The arteries pass through the 
muscular coat, giving off branches to the capOlsry networks of the 
muscular tissue, and ramify in the areolar coat. From this, small 
arteries pierce the muscularis mucosffi, and break up into capillaries 
near the bases of the glands. The capillary network extends between 
the glands to the surface, close to which it terminates in a plexus of 





Fio. 176.— Plan i 



relatively large venous capillaries whicli encircle the mouths of tlie 
glands. From this plexus straight venous radicles pass through the 
mucous membrane, pierce the muscularis mucosas, and join a plexus of 
veins in the submucous tissue. From these veins blood is carried 
away from the stomach by efferent veins, which accompany the enter- 
ing arteries. 

The lymphatics (fig. 177) arise in the mucous membrane by a 
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plexns of large vessels dilated at intervals, and lookiiif; in aectione like 
clefts in the interglandular tissue. From this plexus the lymph is 
carried into larger vatved vessels in the submucous coat, and from 
these, efferent vessels pass through the muscular coat to reach the 
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serous membrane, underneath which they pass away from the organ. 
The muscular coat has its own network of lymphatic vessels. These 
lie between the two principal layers, and their lymph is poured into 
the efferent lymphatics of the organ. 

The nerves have the same arrangement and mode of distribution 
as those of the small intestine (see next Lesson). 
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LESSONS XXIX. AND XXX. 

STRUCTURE OF THE INTE S T INE, 

LESSON XXIX. 

1. Sections of the duodenum or jejunum vertical to the euihce. The 
tissue is to be stained with logwood or borax-carmine and the sections 
mounted in Canada balsam. The general arrangement and structure of the 
intestinal wall is to be studied in these sections. 

Make a general sketch under the low power and carefully sketch part of 
a villus under the high power. 

2. From the same portion of the intestine, sections parallel to the 
surface, and therefore across the long axis of the villi and glands of the 
mucous membrane. In order to keep the sections of the vilU together so that 
they are not lost in the mounting, it will be necessary to employ the creosote - 
shellac method of mounting the sections (see Appendix). 

In this preparation sketch the transverse section of a villus. 

8. Transverse vertical sections of the ileum passing through a Peyer's 
patch. Observe the nodules of lymphoid tissue which constitute the patch and 
which extend into the submucous tissue. Notice also the sinus-like lym- 
phatic or lacteal vessel which encircles the base of each nodule. Make a 
general sketch under a low power. 

4. To study the process of fat-absorption, kill a rat three or four hours 
after feeding it with fat meat. Put a very small piece of the mucous mem- 
brane of the intestine into osmic acid (0*5 per cent.) and another piece into 
chromic acid (0*2 per cent.) containing a few drops of osmic acid solution. 
After forty-eight hours teased preparations may be made from the osmic acid 
preparation, in the same manner as directed in Lesson VII. § 2 ; the rest 
may be then placed in alcohol. The piece in chromic and osmic acid may 
also after two or three days be placed in alcohol. When hardened and de- 
hydrated in this, the pieces of tissue are embedded in paraffin, and sections 
are made and mounted by the shellac-creosote process. 



LESSON XXX. 

1. Sections of small intestine the blood-vessels of which have been injected. 
Notice the arrangement of the vessels in the several layers. Sketch carefully 
the vascular network of a villus. 

2. From a piece of intestine which has been stained with chloride of gold 
tear ofif broad strips of the longitudinal muscular coat, and mount them in 
Farrant's solution. It will generally be foimd that portions of the nervous 
plexus of Auerbach remain adherent to the strips, and it can in this way 
easily be studied. 

From the remainder of the piece of intestine tear off with forceps the 
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fibrsB of the cironlar muMular Uj-er on the one siAe, and the mucous mem- 
hrone on the other side so as to leave onJy the submucous tissue and the 
mnscTdnris mucose. This tissue is also to be mounted flat in Farrant's 
solution : it containB the plexus of Meissner. 

Sketch a anal], portion of each plexus under a high power. 

8. SectioQB of the Urge intestine, perpendicular to the surtace. These 
will show the general structure and airRngeuiont of the coats. Sketch under 
a low power. 

4. Bections of the mucous membrane of the large intestine parallel 
to the eur&ce, and therefore across the glands. Sketch some of the glands 
and the inter^andular tissoe under a hi^ power. 



THE SMALL INTESTINE. 

The wcdl of the Bmall intestiiie consists, like tlie stomach, of four 
coats. 

The serous coat is complete except over part of the (luodenum. 




Fig. 178.— Plex 



The muscular coat is composed of two layers of muscular tissue, an 
outer longitudinal and an inner circular. Between them lies a net- 
work of lymphatic vessels and also the close gangliated plexus of non- 
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mednllated nerve-fibres known aa the plexus myentericui of Aaerbach. 
The ganglia of this plexns may nsoally be seen in vertical sectionB of 
the intestinal wall, bat the plexaa, like the one in the sabmacoaa coat 
immediately to be described, can only be properly displayed in prepara- 
tions mB,de with chloride of gold {fig. 178). 

The submucous coat is like that of the stomach ; in it the blood- 
vessels and lymphatics ramify before entering or after leaving the 
macons membrane, and it contains a gangliated plesas of nerve-fibres — 




the plexns of Meissner-— which is finer than that of Anerbach and has 
fewer ganglion -cells (fig. 179). Its branches are chiefiy supplied to (he 
muscular fibres of the mucous membrane. 

The mucous membrane is bounded nest to the submucous coat by 
a doable layer of plain muscular fibres [muscukiris mucosa). Bundles 
from this pass inwards through the membrane towards its inner sor- 
fooe and penetrate also into the villi. The mucous membrane proper 
is pervaded with simple tubular glands— the crypts of LieberkUhn — 
which are lined throughout by a columnar epithelium hke that which 
eorers the sur&ce and the villi. The mucous membrane between these 



STRUCTURE OF THE INTESTINE 149 

glanda is mainly composed of lymphoid tissue, which is aggregated at 
intervals into more solid nodules (fig. 181) constituting when they occur 
singly the so-called solitary glands of the intestine, and when aggregated 
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together form the ogmtTiated glands or patches of Peyer. The latter 
occur chiefly in the ileum. 

The villi with which the whole of the inner surface of the small 
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inteBtine is closely beset are clavate or finger-shaped projections of the 
mucous membrane, and are composed, hke that, of lymphoid tissue and 
covered vith culumimr epithehum (fig. 182). The characters of this 
have been already described (Lesson VII.). Between and at the base 
of the epitliehum -cells many lymph -corpuscles occur. The epithelium 
rests upon a basement- membrane formed of flattened cells. In the 
middle of the villus is a lacteal vessel [c. l) which is somewhat 
enlarged near its commencement. Surrounding this vessel are small 
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bundles of plain muscular tissue prolonged from the muscularis mucosa. 
The network of blood -capillaries (fig. 183) lies for the most part near 
the sur&ce within the basement -membrane ; it is supplied with blood 
by a small artery which joins the capillary network at the base of the 
villus ; the corresponding vein generally arises nearer the estremity. 
The lymphatics (lacteals) of the mucous membrane (fig. 184), after 
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receiving the central lacteala of the mUi pour theix contents into a 
plexus of large valved lymphatics which he in the submucous tissue 
and form sinuses around the bases of the lymphoid nodules. From 
the submucous tisane efferent vessels pass through the muscular coat, 
receiving the lymph from an mtramuscular plexus of lymphatics, and 
are conveyed away between the layers of the mesentery 




Fio. 184.— Veetioal 
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Abaorption of fat. — The lymph -corpuscles of the villi are the chief 
agents in effecting the passage of fat-particles into the lacteals. In 
order to study this process of transference, it is convenient to stain 
the fot-particles with oamic acid,' which colonra them hlack. It can 
then be observed that in animals which have been fed with fat these 
particles are present (1) in the columnar epithehum-cells ; (2) in the 
lymph-cells ; and (8) in the central lacteal of the villus. The lymph- 
cells are present not only in the reticular tissue of the villus, but also 
in considerable number between the epithelium -cells ; and they can 
also be seen in thin sections from osntic preparations within the com- 
mencing lacteal ; but in the last situation they are in every stage of 
disintegration. 

Since the lymph-cells are amoeboid, it is probable from these facts 
that the mechanism of fat -ah sorption consists of the following pro- 
cesses — viz. (1) absorption of fat into the columnar epithelium-cells of 
the sur&ce ; (2) inception of fat by the lymph -corpuscles in the epi- 
thehum, partly from the epithelium -cells, and partly, perhaps, directly 
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from the intestinal contents ; (3) migration of the lymph-corpuBcleB 
carrying the incepted fat-particles by their amoeboid movements throagh 
the tissue of the villus and into the central lacteal ; (4) diBintegration 
and solution of the immigrated lymph -corpuscles, and setting free both 
of their fatty contents and also of the proteid matters of which they 
are themselves composed. 




(. 185, A.— Section ti 
ep, epithelium ; .I^ itrl 
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This migration of the lymph -corpuscles into the lacteals of tbe 
villi is not a special feature of fat -absorption alone, but occurs even 
when absorption of other matters ia proceeding ; so that the transfer- 
ence of fat-particlea is merely a part of a more general phenomenon 
accompanying absorption. 



THE LABOE INTESTINE. 
The large inteBtine has the usual four coats, except near its ter- 
mination, where the serous coat is absent. The muscular coat is pecu- 
liar in the fact that along the ctecum and colon the longitudinal 
muscular fibres are gathered up into three thickened bands which pro- 
duce puckerings in the nail of the gut. 
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The mucous membrane of the large intestine ia beset with simple 
tubular glands somewhat resembling the crypts of Lieberkiihn of tiie 
Bmall intestine, and lined by columnar epithelium similar to that 
of the inner sm&ce of the gut, but containing; many more mucus- 
Becreting or goblet cells (iig. IfiG). The extremity of each gland is 
usually slightly dilated. The interglandutar tissue is hke that of the 
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stomach, as is also the arrangement of the blood-vessels and lymphatics 
in it. The nerves of the large intestine also resemble those of the 
small intestine and stomach in their arrangement. 

At the lower end of the rectum the circular mngcular fibres of the 
gut become thickened a little above the anus bo as to form the internal 
sphincter muscle. In this region also there are a number of compound 
racemose mucous glands opening on to the surface of the mucous 
membrane. 
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LESSON XXXI. 

STRUCTURE OF THE LIVER AND PANCREAS. 

1. Make sections of liver and study them carefully with a low and high 
power. Sketch the general arrangement of the cells in a lobule under the 
low power and under the high power. Make very careful drawings of some 
of the hepatic cells and also of a portal canal. 

2. Study, first of all with the low and afterwards with a high power, a 
section of the liver in which both the blood-vessels and the bile-ducts have been 
injected. Make a general sketch of a lobule under the low power and draw a 
small part of the network of bile-canaliculi imder the high power. 

8. Tease a piece of fresh liver in salt solution for the study of the appear- 
ance of the hepatic cells in the recent living condition. 

4. Prepare sections of the pancreas from a gland which has been hardened 
in alcohol. The sections are stained with borax-carmine and mounted in 
the usual way in Canada balsam. 

Make a sketch under the low power. 

6. Tease a small piece of fresh pancreas in salt solution. Notice the 
granules in the alveolar cells, chiefiy accumulated in the half of the cell which 
is nearest the lumen of the alveolus, leaving the outer zone of the cell clear. 

Sketch a small portion of an alveolus under a high power. 



THE LIVER. 

The liver is a solid glandular mass, made up of the hepatic 
lobules. These are polyhedral masses (about 1 mm. in diameter) of 
cells, separated from one another by connective tissue. In some 
animals, as in the pig, this separation is complete, and each lobule is 
isolated, but in man it is incomplete. There is also a layer of con- 
nective tissue underneath the serous covering of the liver, and forming 
the so-called capsule of the organ. 

The blood-vessels of the liver (portal vein and hepatic artery) enter 
it on its under surface, where also the bile-duct passes away from the 
gland. The branches of these three vessels accompany one another 
in their course through the organ, and are enclosed by loose connec- 
tive tissue (capsule of Glisson), in which are lymphatic vessels, the 
whole being termed a portal canal (fig. 187). The smallest branches 
of the vessels penetrate to the intervals between the hepatic lobules, 
and are known as the interlobular branches. The blood leaves the 
liver at the back of the organ by the hepatic veins : the branches of 
these run through the gland unaccompanied by other vessels (except 
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lymphaticRJ and cati aliKi bo tr&cud to llio IoIuiIl'h, from oacli of wliioli 
tiiey roooivoamitiutobriHiuli (intnilobiiliir v«iii) wliicli |iiu<h(w from tint 
centre of tlie lobulo, ntid opottM directly intn tliii (Hiilfliibular) branch 
of the hflp&tio vein. 
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Each lobule in a miixi of liujiatic uiiIIh {liKrced everywhere with a 
network of blood-capillarieH (fif(, IHH), wbicli iiHhx at the perijtliery of 
tlio lobule, there receiving; blood from tlie interlobular braiiuhoH of the 
portal vein (p), and converffo to the centre of the lobule, where they 
unite to form the intralobular branch of the hepatic vein. The inter- 
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lobular branches of the hepatic arteries join this capillary network a 
short distance irom the periphery of the lobnle. 

The hepatic cells (fig. 189), which everywhere lie between and sur- 
round the capillaries, are polyhedral, somewhat granular-looking cells. 



Fio. 189.— Secthw 
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each containing a spherical nucleus. After a meal, the cells in the 
outer part of the lobule may become filled with fat, and masses of 
glycogen can also frequently be seen within the cells. 

The bile-diicts commence between the hepatic cells in the form of 
fine canaliculi, which lie between the adjacent sides of two cells, and 
form a close network, the meshes of which correspond in size to the 
cells (fig. 189). At the periphery of the lobule these fine canaliculi 
pass into the interlobular bile-ducts (fig. 190), the columnar epithe- 
lium-cells of which become, by a gradual transition, changed into 
cubical and polyhedral cells, which join those of the hepatic lobnles. 

The bile-ducts are lined by clear columnar epitheUum (fig. 187, d). 
Outside this is a basement -membrane, and in the larger ducts some 
fibrous and plain muscular tissue. Many of the larger ducts are beset 
with small cfecal diverticula. 

The gall-bladder is in its general structure similar to the larger bile- 
ducts. It is lined by columnar epithelium, and its wall is formed of 
fibrous and muscular tissue. 

The lymphatics of the liver are said to commence as perivascular 
lymphatic spaces enclosing the capillaries of the lobules. Efferent 
lymphatics pass away from the organ in the connective tissue wliich 
invests the portal and hepatic veins. 
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THE PANCREAS. 

The panoroai is a tubnlo-racemose gland, resembling tlie salivary 
glands, BO far as its general Btructurc is concerned, but differing from 
Uiem in the fact that the alveoli, in place of being saccular, are longer 
and more tubular in character (fig. 191 ) . Moreover, theconnective tissue 
of the gland is somewhat looser, and there occur in it at intervals 
small groups of epithehum-like cells, which are supplied with a close 
network of convoluted capillary vessels ; their function is unknown, 
but their presence is very characteristic of the pancreas. 

The cells which line the alveoli are columnar or polyhedral in 
shape. Whan examined in the fresh condition, or in osmio prepara- 
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tions, their protoplasm is filled in the inner two-tbirda with snuU 
granules, but the outer third is left elear (fig. 192, Af. After a period of 
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activity the clear part of the cell becomes larger, and the grannW 
part smaller {B). In stained sections the outer part is coloured more 
deeply than the inner. 

In the centre of ea«h acinus there may generally be seen some 
spindle-shaped cells, the nature of which (whether epithelial or con- 
nective tissue) has not been determined [centro-acinar cells of Lan- 
gerhans). 
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LESSON XXXII. 

STRUCTURE OF THE SPLEEN, SUPRARENAL CAPSULE, AND 

THYROID BODY. 

1. Sections of the spleen stained with logwood. Notice the trabeculse extend- 
ing into the substance of the organ from the capsule. Notice also that the 
glandular substance is of two kinds, (1) lymphoid tissue accumulated round 
the small arteries and here and there masised to form lymphoid nodules — the 
Malpighian corpuscles of the spleen — and, (2) a tissue consisting of a 
reti(rulum of branched and flattened cells containing blood in its interstices 
and pervaded by capillaries and venous radicles. 

Sketch part of a section under a low power and a small portion of the 
reticulum under a high power. 

2. Sections across a suprarenal capsule. Examine first with a low 
power, noticing the general arrangement and extent of the cortical and 
medullary parts of the organ, making a general sketch which shaU include 
both. Afterwards sketch carefully under the high power a group of cells 
from each part of the organ. 

8. Sections of the thyroid body stained with logwood. Notice the vesicles 
lined with cubical epithelium and filled with a * colloid ' substance which be- 
comes stained by the logwood. Notice also in some parts of the sections a 
peculiar highly vascular retiform tissue. Sketch a part of this tissue and also 
one or two vesicles. Measure several vesicles. 



THE SPLEEN, 

The spleen is the largest of the so-called ductless glands. It 
appears to be connected in some way with the elaboration of the blood, 
white blood-corpuscles being certainly formed and the coloured blood- 
corpuscles being probably submitted to destruction within it. 

Like the lymphatic glands, the spleen is invested with a fibrous and 
muscular capsule (fig. 193, A), and this again has a covering derived 
from the serous membrane. The capsule sends fibrous bands or tra- 
beculse (b) into the organ, and these join with a network of similar 
trabeculas which pass into the gland at the hilus along with the blood- 
vessels. In the interstices of the fibrous framework thus constituted 
lies a soft pnlpy substance containing a large amount of blood, and 
therefore of a deep red colour, dotted within which are here and there 
to be seen small wliitish specks, the Malpighian corpuscles of the spleen 
(c, c). These are composed of lymphoid tissue which is gathered up 
into masses which surround the smaller arteries, whilst the red pulp 
which everywhere surrounds them and which forms the bulk of the 
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organ is composed of a close network or spongework of flattened i 
branched cells like cormective-tissus corpuscles. Coursing through t 
pulp and communicating with its interstices are capillary blood -vesM 




wliich are connected with tlie terminations of the arteries ; whilst 
other parts venous clianncls arise from the pulp, and bring the bl< 
which has passed into its interstices from the arterial capillai 



i 



STRUCTURE OF THE SUPRARENAL CAPSULES 161 

towards the larger veins of the organ, which run in the trabeciilae, and 
are by them conducted to the hilus. The arteries, which are also at 
first conducted from the hilus along the traboculie into the interior of 
the organ, presently leave the trabeculae, and their external coat 
becomes converted into a thick sheath of lymphoid tissue which invests 
them in the remainder of their course, and in places becomes swollen 
into the Malpighian corpuscles already mentioned. These small 
arteries distribute a few capillaries to the Malpighian corpuscles, and 
then break up into pencils of small vessels which open into the pulp in 
the manner already mentioned. 

The cellular elements of the spleen-pulp are of three kinds, viz. 
large, amoeboid, connective-tissue cells, oiso called splenic cells, lymph- 
corpuscles, and the branched, flattened cells which form the sponge- 
work. The first-named are frequently found to contain coloured 
blood-corpuscles in their interior in various stages of transformation 
into pigment. 

The lymphatics of the spleen run partly in the trabeculae and cap- 
sule, and partly in the lymphoid tissue ensheatliing tlie arteries. They 
join to form larger vessels which emerge together at the hilus. 



THE SUPRARENAL CAPSULES, 

The suprarenal capsules belong to the class of bodies known as duct- 
less glands, but they are entirely diflferent in structure from the spleen 
and lymphatic glands. A section tlirough the fresh organ (fig. 195) 




Fig. 195. — A vertical section ok the suprarenal ik)dy of a kcetus, twice 

THE natural size, SHOWING THE DISTINCTION BETWEEN THE MEDULLARY 
AND CORTICAL SUBSTANCE. 

V, issuiug vein ; r, suinniit of kidney. 

shows a cortical zone which is striated vertically to the surface, and of a 
yellowish colour, and a medulla which is soft and highly vascular, and 
of a brownish-red colour. The whole organ is invested by a fibrous 
capsule which sends fibrous septa inwards to the cortical substance 
(fig. 196), subdividing this for the most part into columnar groups of cells 
(zona fasciculata, c). Immediately underneath the capsule, however, 

M 
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the groups are more rounded (zona glomeruloaa, b), whilst nest to the 
mediilia they have a closely reticular arrangement (zona reticularis, d), 
and a similar disposition both of the cells and the connective tissue is 
noticeable throughout the medulla. 

The cells which form the rounded groups and columns of the cortical 
substance are polyhedralin form (fig. 197) ; each contains a clear round 
nucleus, and thera are often yellowish oil-globules in their protoplasm. 
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No blood-vessels penetrate between these celle, both the blood-vessels 
and lymphatics of the cortex ruiiniiig in the fibrous Eepta between the 
columns ; the lymphatics have been stated to communicate with fine 
spaces which run between the cells of the colunms. 

Tlie cells of the nifdulla (fig. 108) are more irregular in shape, and 
are often branched. Thctr protoplasm ia either clear, or it may in some 
animals contain a brownish pigment, but in man tlie dark red colourof 
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the mediiUa is largely due to the blood contained in the large venous 
spaces by which it is pervaded, and which receive t)ie blood after it has 
traversed the capillaries of the cortex. Investing the larger veins are 
bondles of plain muscular fibres ; and numerous nervea, after traversing 
the cortical substance, are distributed throughout the medulla, where 
they form a close plexus provided with ganglion -cells. 



THE THYROID BODY. 

The thyroid iody conBists of a frameworlt of connective tissue en- 
closing nnmeroDS spherical or oval vesicles (fig. 199) whicli are lined 
with cubioal epithelium. The cavities of the vesicles are filled with a 
peooliar viscid liquid which is coagulated by alcohol and which then 
becomea stained by hiematoxylin. A similar material has been found 




in the lymphatics of the gland, and may sometimes be detected also in 
the Interetices of the connective tissue. 

The blood-vessels of the thyroid are exceedingly numerous, and the 
capillaries form close plexuses round the vesicles. Some of the blood- 
vessels are distributed to a peculiar highly vascular retiform tissue 
which occurs in patches here and there in the organ. 

Disease of the thyroid or its extirpation is accompanied by remark- 
able changes in the ohemical composition of the blood and many of the 
tissues, Tesnlting chiefly in the accumulation within them of a large 
amount of mucin ; a condition of general myxoedema, and eventually of 
cretinism, being produced. 
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LESSON XXXIII. 

STRUCTURE OF THE KIDNEY. 

1. Sections passing through the whole kidney of a small mammal, such as a 
mouse or rat. These sections wiU show the general arrangement of the organ 
and the disposition of the tubules and of the Malpighian corpuscles. 

A general sketch should be made of one of these sections mider a low 
power. 

2. Thin sections of the kidney of a larger mammal, such as the dog, may 
next be studied. In some the direction of the section should be parallel 
with the tubules of the meduUa, and in others across the direction of those 
tubules. The characters of the epithelium of the several parts of the uriniferous 
tubules are to be made out in these sections. 

3. Separate portions of the uriniferous tubules may be studied in teased 
preparations from a kidney which has been subjected to some process 
which renders it possible to unravel the uriniferous tubules for a certain 
distance.* 

4. Sections of a kidney in which the blood-vessels have been injected. 
Examine these with a low power of the microscope. Try and follow the 
course of the arteries — those to the cortex sending their branches to the 
glomeruli, those to the medulla rapidly dividing into pencils of fine vessels 
which run between the straight uriniferous tubules of that part. Notice also 
the efferent vessels from the glomeruli breaking up into the capillaries which 
are distributed to the tubules of the cortical substance. 

Make sketches showing these points. 



The kidney is a compound tubular gland. To the naked eye it ap- 
pears formed of two portions — a cortical and a medullary — the latter 
being subdivided into a number of pyramidal portions (pyramids of 
IMalpighi), the base of each being surrounded by cortical substance, while 
the apex projects in the form of a papilla into the dilated commence- 
ment of the ureter {pelvis of the kidney),^ Both cortex and medulla 
are composed entirely of tubules — the uriniferous tubides — which have 
a straight direction in the medulla and a contorted arrangement in the 
cortex ; but groups of straight tubules also pass from the medulla 
through the thickness of the cortex {medullary rays). 

The uriniferous tubules begin in the cortical part of the organ in 
dilatations, each enclosing a tuft or glomerulus of convoluted capillary 

' For a method which may be eiilployed for this purpose, see Course of Prac- 
tical Histology ^ p. 209. 

'* In many animals the whole kidney is formed of only a single pyramid, but 
in man there are about twelve. 



STRUCTURE OF THE KIDNEY 105 

blood-veBsels, the dilated commenoement of the tubule being known 
as the capsule [fig. 200, i). The tubule leaves tlie capsule by a nar- 
row neck (i); it is at tirst convoluted {first convolntetl tubule, a), but 




Fig. 200.— DiAOKAiL or th: 
A, oortei : B, boundBn lono ; c, pi 
lajen ol ixntx,tm horn glomeral 



Boon becomes nearly straight or slightly spiral only (spiral tubule, 4), 
and then, rapidly narrowing, passes down into the medulla towards the 
dilated commencement of the ureter as the descending tubule of Senle 
(e). It does not at once, however, open Into the pelvis of the kidney. 
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but before reactiing the end of the papilla it turns round in the form of 
a loop {loop of Henle, fi) and passes upwards again towards the cortex, 
parallel to its former course and somewhat larger than before {ascend- 
ing tubule of Henle, 7, S, 9). Arrived at the cortex, it at first becomes 
irregularly zigzag (zigzag tubule, lo), and then again convoluted as at 
first (second convoluted tubule, 1 1), eventually, however, narrowing into 
a vessel (junctional tubule, 12) which joins a straight or collecting tubule 
(13). This now passes straight through the medullary substance of 
the kidney (u) to open at the apex of the papilla as one of the ducts 
0/ Bellini (]5] 

The tubules are throughout bounded by a basement-membrane. 




which is lined by epithelium, but the characters of the epithelium-cells 
vary in the different parts of a tubule. In the capsule the epithehum 
is flattened and is reflected over the glomerulus (fig. 201, a). In the 
first convoluted and spiral tubules it is thick, and the cells show a 
marked fibrillar structure (figs. 202, 203). Moreover, they interlock 
laterally and are diflicult of isolation ; in many animals they have been 
shown to be ciliated. In the narrow descending limb of the looped 
tubule (fig. 204. c), and in the loop itseU, the cells are clear and flat- 
tened and leave a considerable lumen ; in the ascending limb they 
again acquire the striated structure and nearly fill the lumen. The 
fibrillations of the cells are still more marked in the zigzag tubules 
(flg. 201, b), and a similar structure is present also in the second 
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1. 2(l2.-^TBt'CTUBE OF THE Ki-lTIIKLll'M OF TilK tllNVOI.UTKIl Tl'lin 

i, Mctlon of & fwnTolDteil tubule rmm Cbe laX, sfanvlng tlie UDKltcmi jiroto- 
(wntoni ot tlie pniUiplHm ; /, iMlsted oella from the iiowt, thau'ln); tho 




1U8 THE ESSENTIALS OF HISTOLOGY 

convoluted tub les nto wl cL these pass. On the other hand, ' 
junctional tub i 1 a<j a la ge luu e and ia lined by clear flatte 
celia, and the colle I nq t bes h&ve also a very distinct lumen and i 
lined by a clea c b cal or columnar epithelium (figs, 201, d; 204, i 




The following gives a tabular view of the parts which compose a 
uriniferouB tubule, and the nature of the epithelium in each part : 



CnpBule 

First convoluted 

Spiral tabs 

Small or descend- 
ing tube of 

Loop of Bsnie 



Junctional tube 

straight or col 

leotioK tube 
Duct of Bellini 



Flatteoed, reflected over glomerulus . 
Cubical, fibrillatcd, ciliated, tbe cella 

interlocking 
Cubical, librillated (libe tbe ]aat) 

Clear, flattened cells . . . . 



Cells strongi; fibrillated ; varying in 

height; lumen 9.mall 
Similar to first convoluted tube, but 

oells Bre longer, with larger nuclei. 

and the; have a more refractive 

Clear flattened and cubical cells 
Clear, cubical and colunmar cells 
Clear, columnar cells . 



Medullary ra; ot oor- |c 
te» " 

Bounilary zone i 

parti; papillary z< 

of medulla 
Papillary zone 

medulla 
Medulla, and mediil-r 

lary ray ot cortt 

Labyrinth ol corti 



. ' Labyrinth passing to 

medullary ray 
Medullary ray and 

medulla 
. Opens at apex 

papilla 
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Blood-yeiselB. — The artery of the kidney divides into brandies 
on entering the organ, and these branches pass towards the cortex, 
forming incomplete arches between the cortex and the medulla (iig. 
206, a). The branches of the renal vein form similar but more com- 
plete arches (g). From the arterial arches vessels pass througli the 




midallB aa telle tut. n 



:. (Cadlat.) 

d, eflnent resut puxlog U 



cort-ex {interlobular arteries, b), and give off at intervals email arteri- 
oles {efferent vessels of the glomeruli), each of which enters the dilated 
commencement of a uriniferous tubule, within which it forms a 
glomemlas. From the glomerulus a somewhat smaller efferent vessel 
passes out, and this at ouce again breaks up into capillaries, which 
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are distributed amongst the tubules of the cortex (e) ; their blood in 
collected by veins which accompany the arteries and join the venonn 
arches between the cortex and the medulla, receiving in their comae 
certain other veins which arise by radicles which have a somewhat 
stellate arrangement near the capsule (vena sUlhila,j). 

The medulla derives its blood-supply from special offsets of the 
arterial arches, which almost immediately break up into pencils of 
fine straight arterioles rrnining in groups between the straight tabules 
of the medulla. These arterioles gradually break up into a capillary 
network with elongated meshes which pervades the medulla (fig. 206,/), 
and which terminates in a plexus of somewhat larger venous capillaries 
in the papillte. From these and from the other capillaries the veins 




collect the blood, and pass, accompanying the straight arterioles, into 
the venous arches between the cortex and medulla. The groups of 
small arteries and veiiis [vasa recta) in the part of the medulla nearest 
the cortex alternate with groups of the uriniferons tubules, and this 
arrangement confers a striated aspect upon this portion of the medulla 
{hmmdary zone, see fig. 207). 

The efl'erent vessels of those glomeruli which are situated nearest 
to the medulla may also break up into pencils of fine vessels (faUe 
artervs recta) and join the capOlary network of the medulla {fig, 198, d). 

Between tlie uriniferous tubules, and supporting the blood-vessels, 
is a certain amount of connective tissue (iig. 205), within which are 
cleft-like spaces from which the lymphatics of the organ originate. 
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LESSON XXXIV. 

STRUCTURE OF THE URETER, BLADDER, AND MALE 

GENERATIVE ORGANS, 

1. Section across the ureter. 

2. Section of the urinary bladder vertical to the surface. 

In the sections of the ureter and of the urinary bladder, notice the 
transitional epitheUum resting on a mucous membrane, which is composed 
chiefly of areolar tissue without glands, and the muscular coat outside this. 
In the ureter there is some fibrous tissue outside the muscular coat, and at 
the upper part of the bladder there is a layer of serous membrane covering 
the muscular tissue. Sketch a section of the ureter under a low power, and 
the epithelium of the bladder under the high power. 

3. Section across the penis. The blood-vessels of the organ should have been 
injected so as the better to exhibit the arrangement of the venous spaces which 
constitute the erectile tissue. Notice the large venous sinuses of the corpora 
cavernosa and the smaller spaces of the corpus spongiosum, in the middle of 
which is seen the tube of the urethra. 

4. Section across the testis and epididymis. The sections are best made 
from a rat's testis which has been hardened in alcohol and pieces of which 
have been stained in bulk in dilute logwood. In these sections notice the 
strong capsule surrounding the gland, the substance of which consists of 
tubules which are variously cut, and the epithelium in which is in different 
conditions of development in the different tubules. Observe the strands of 
polyhedral interstitial cells lying in the loose tissue between the tubules and the 
lymphatic clefts in that tissue. Notice also in sections through the epididymis 
the ciliated epithelium of that tube. 

Sketch carefully under a high power the contents of some of the semini- 
ferous tubules so as to illustrate the mode of formation of the spermatozoa. 

5. Examination of spermatozoa. The spermatozoa are to be obtained 
fresh from the testis or seminal vesicles of a recently killed animal and ex- 
amined in saline solution. Their movements may be studied on the warm 
stage; to display their structure a very high power of the microscope is 
necessary. Measure and sketch three or four spermatozoa. 



The ureter is a muscular tube lined by mucous membrane. The 
mtcscular coat consists of three layers of plain muscular tissue, an 
outer and inner longitudinal and a middle circular. Outside the mus- 
cular coat is a layer of fibrous tissue in which the blood-vessels and 
nerves ramify before entering the muscular layer. 

The rmwous membrane is composed of areolar tissue and is lined 
by transitional epithelium. 
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T}ie ormaty bladder has a muscalar wall lined hy a stroDg 
membrane and covered in part by a serous coat. 

The muscular coat cousists of three layers, but the innermost is 
incomplete. The principal fibres nm longitudinally and diculftrly, 
and the circular fibres are collected into a layer of some thickness 
which immediately surrounds the commencement of the nretfara, form- 
ing the sphincter vesica. The mucous viembrane is lined by a transi- 
tional stratified epithelium like that of the ureter. The sh^ie and 
structure of the cells have already been studied. 

The penis is mainly composed of cavernous tissue which is collected 
into two principal tracts —the corpora cavernosa one on each side, and 
the corp^is spongiosu n m the m ddle 1 ne mfenorly All these are 
bounded by a strong capsule of fibrous and muscular tissue, containing 
also many elastic fibres at d sending in strong septa or trabecuhe. 




Hi pUlD I 



which form the boundaries of the cavernous spaces of the erectile tissue 
(fig. 208). The arteries of the tissue run in these trabecule, and their 
capillaries open into the cavernous spaces. On tlie other hand, the 
spaces are connected with efferent veins. The arteries of the cavernous 
tissue may often in injected specimens be observed to form looped or 
twisted projections into the cavernous spaces {hslici?te arteries of 
Muller). 

Urethra. — The cross-section of the urethra appears in the middle 
of the corpus spongiosum in the form of a transverBe slit. It is lined 
by eolnnmar epithelium, except near its orifice, where the epithelium is 
stratified. The epithelium rests upon a vascular r 
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and .this again is supported by a coating of eubmucous tissue, con- 
taining two layers of plain muscular fibres — an inner longitudinal and 
an outer circular. Outside tliis again is a close plexus of small veins 
which are connected with, and ma^r be said to form part of, the corpus 
spongiosum. 

The mucous membrane of the urethra is beset with small mucous 
glands, simple and ctsnpound {glands of Littri), There are also a 
number of obUque recesses termed lacunte. Besides these small glands 
and glandular recesses, two compound racemose glands open into the 
bnlboua portion of the urethra (Cowper's glands). Their acini arehued 
by clear columnar cells which secrete mucus. 

The prostate, which surrounds the commencement of the urethra, 
is a muscular and glandular mass, the glands of which are composed 
of tubular alveoli, lined by columnar epithelium, with smaller cells 
lying between them and the baaemeflt- membrane. Their ducts open 
upon the floor of the urethra. 

The integument of the penia contains numerous special nerve end- 
organs of the nature of end-bulbs, and Pacinian bodies have also been 
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Fig. aiO.— Plan 



found Upon the nerves. Lymphatic vessels are numerous in the in- 
tegument of the organ and also in the submucous tissue of the urethra. 
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Tbe teftdcle is enclosed by a strong fibrous capsule, the tunicfi al- 
buginea (fig. 209, e). This is covered externally with a layer of aerons 
epithelitun reflected from the tunica vaginalis. From its inner snr&ce 
there proceed fibrous processes or tTabecula, which imperfectly sub- 
divide the organ into lobules, and posteriorly the capsule is prolonged 
into the interior of the gland in the form of a mass of iSbrous tissue, 
which is known as the mediastinum (fig. 209, h). Attached to the pos- 
terior margin of the body of the gland is a mass [epididyvUs) which 
when investigated is found to consist of a single convoluted tube, receiv- 




ing at its upper end the efferent ducts of the testis and prolonged at its 
lower end into a thick-walled muscular tube, the vas deferem, which 
conducts the secretion to the urethra. 

The glandular substance of the testicle is wholly made up of convo- 
luted tubules, which when unravelled are of very considerable length. 
Each commences near the tunica albuginea, and after many windings 
terminates, usually after joining one or two others, in a straight tubule 
(fig. 211), which passes into the mediastuium, and there forms, by 
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anitii^ with the other straight tubules, a uetwork of intercom- 
mimicating vessels, which is known us the rete testis. From the rete 
a certain number of efferent tubules arise, and after a few convolutions 
pass into the tube of the epididymis 

Strnctsre of the tabnles. — Phe semtnt/erom tubules are formed of 
a basement-membrane, and contam several layers of epithehum-cells. 
-Of these layers, the one nest the basement membrane is a uniform 
layer of clear cubical cells {hnmg epithelium], the nuclei of which, for 
.the most part, exhibit the irregular network nhich la characteristic of 




the resting condition. Here and there these epithelium- cells appear 
enlarged and to project between the more internal layers. 

Next to this layer of cubical epithelium there is seen a layer of 
larger cells [spermatogenic cells), the nuclei of which have the skein- 
like aspect which is typical of commencing division ; these cells may 
be two, three, or more deep (as in the tubule a, fig. 212). Next to them, 
and most internal, are to be seen in some tubules {b and c) a large 
number of small protoplasmic corpuscles with simple circular nuclei 
{spermatoblasts). In other tubules these corpuscles are elongated, 
and the nucleus is at one eiid, and in others again these elongated 
cells are converted into evident spermatozoa, which lie in groups with 
their heads projecting between the deeper cells and connected with one 
of the enlarged cells of the lining epithelium, and their tails emerging 
into the lumen of the tubule (fig. 212, 6). As they become matured 
they gradually pass altogether towards the lumen, where they eventually 
become free (c). During the time that this crop of spermatozoa has 
been forming, another set of spermatoblasts has been produced by the 
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divifiion of tbespermatogeiiic cells, and on tlie discliargeof the spei 
tozoa tbs prouesH is repeated aa before. 

The straight tuhides which lead from tlie convoluted seminiferoua^ 
tubes into the rete testis (lig. 211) are lined only by a single layer 
of clear flattened or cubical epithelium. The tubules of the rete also 
have a simple epithelial huing, but the basement -membrane is here 
absent, the epithelium being supported directly by the connective 
tissue of the mediastinum. 

The efferent tiibides which pass fi'om the rete to the epididymis, 
and the tube of the epididymis itself, are lined by columnar ciliated 
epithelium, the cilia being very long ; these tnbea have a considerable 
amount of plain muscular tissue in their wall. 




The vas deferens (fig. •21S) is a thick tube, the wall of which is 
formed of an outer thick layer of longitudinal bundles of plain muscular 
tissue; within thisanequtUly thick layer of circular bmi^es of the same 
tissue, and within this again a thin layer of longitudinal muscle. The 
tube is lined by a mucous membrane, tlio iniier surface of which is 
covered by colunmar non-ciliate<l epitheHum. 

The connective tissue between the tubules of the testis is of ^(Xlfrm 
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loose texture, and contains numerous lymphatic clefts, which form an 
intercomiiiunicating system of commencing lymphatic vessels. Lying 
in this intertubular tissue are strands of polyhedral epithelium-like 
cells (interstitial cells) of a yellowish colour ; they are much more 
abundant in some species of animals (cat, boar) than in others. They 
accompany the blood-vessels before these break up to form the capillary 
networks which cover the walls of the seminiferous tubules. 



Fio. 214. — Human spermatozoa. 
1, in profile ; 3, yiewed on the flat : b, head ; e, middle-piece ; d, tail ; 0, end-piece of the tail. 

The spermatozoa. — Each spermatozoon consists of three parts, a 
heady a middle part or body, and a long tapering and vibratile tail. 
In man (fig. 214) the head is of a flattened oval shape, somewhat more 
flattened and pointed anteriorly; and the middle-piece is short and 
cylindrical, and appears to have a spiral fibre passing round it ; but in 
different animals the shape of the head and the extent of the middle- 
piece vary greatly. In the rat the head is long, and is recurved ante- 
riorly ; it is set obliquely on the middle-piece, which is also of con- 
siderable extent, and has a closely wound spiral filament encircling it 
in its whole length. The tail is the longest part of the spermatozoon, 
and during Ufe is in continual vibratile motion, the action resembling 
that of the cilia of a ciliated epithehum-cell. 

The spermatozoa are developed from the small cells or spermato- 
blasts which form the innermost strata of the seminal epithelium, and 
are themselves produced by the division of the large cells of the second 
layer. The nucleus of the spermatoblast forms the head of the sperma- 
tozoon, while the protoplasm forms first the middle-piece and subse- 
quently the tail ; but a portion of the protoplasm of each spermato- 
blast containing a number of small darkly staining particles (semihal 
granules) appears always to become detached and disintegrated before 
the spermatozoon is fully mature. 
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LESSON XXXV. 



1. Sections of the ovary of the rabbit. Study the Beotions with the low 
power, observing the small and large Graafian vesicleB, each enolcMJng an 
ovum, scattered through the stroma. Measure some Graafian veoiclea of 
difiarent sizes ; make a general sbetch of a eection under the low power. 
Then sketchcarefiillytwoormore of the Graafian vesioles with their ooutonta. 

2. Sections across the Fallopian tube. Sketch a seotiou under the low power. 

'6. SactioD across the body of the uteras. Observe with the nokad eve 
the thickness of the muscular and muoous coats respectively. Notice the 
ciliated columnar epithelium lining the organ and extending into the gUnds 
of the mucouB membrane. Draw a part of the section under the low power. 

4. Sections of the_ mammary gland from an animal killed during lactation. 
Notice the bt-globoles in the alveoli and also in the alveolar cells. Draw an 

alveolas under the high power. 



The ovary is a small solid organ, composed of a itroma of fibrous 
tissue, with many spindle-shaped ceils, and also containing, especially 
near its attachment to the broad hgament, a large number of plain 
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muscular fibres. It is covered by a layer of small columnar epithelium' 
oella {gerviinal epithelium, fig. 210, a), between which are here and 
there to be seen a few latter spheroidal cells, with large round nuclei 
{primitive ova, fig. 218, c). In the young subject the epithelium may 
occasiosally dip down into the subjacent stroma. 

The stroma is beset with vesicles of different si/es, the smallest 




being near the surfate of the organ, the larger ones placed more deeply 
in the stroms, although, aa they increase in size, they may again tend 
to approach the surface. 

These vesicles are the Graafian follicles. Each Graafian follicle 
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has a proper wall of basement -membrane, strengthened b; a layer 
derived from the stroma, and contains an ovum, surrounded by a 
number of epithelium -cells. In the smallest foilicles the ovum is 
small, and the epithelium of the foUicle is formed of a single layer of 
cells, which are flattened against the ovum. In somewhat larger 
follicles the epithelium -cells are in two layers, and these ajre columnar 
in shape. In still larger onea, each of these two layers is formed of 
several strata of cells, and fluid has begun to collect between the 
layers at one part. Of the two layers, the one which lines the cavity 
of the folhcle ia termed the membrana granulosa, while the mass of 
cells which more immediately surrounds the ovum is known as the 
discus proligerus. 

In the largest folUcles the fluid has much increased in amount, bo 
that the follicle has become gradually larger and more tense. Finally 
it reaches the surface of the ovary, and projects from that surface, 
where it eventually bursts, and the liquor foUiculi, with its contained 
ovum, is set free. This event occurs at about the time of menstrua- 
tion.' 




(Highly magnified.) 



The ova are large spheroidal cells (fig. 217). When mature, as in 
the largest Graafian folhcles, each ovum ia surrounded by a thick 
transparent striated membrane (zona pelliicida). Within this is the 
protoplasm of the cell (viteUm), filled with fatty and albuminous 
granules. Lying in the vitellus, generally eccentrically, is the large 
clear round nucleus {germinal vesicle), which contains an intranuclear 
network, and usually one well-marked nucleolus (^erminoispoi). Both 
tlie ova and the epithelium of the Graafian folUcles are developed 

' Some of the Graafian follicles do not burst, but. after attaining a certain 
stage of maturity, undergo a process of retrograde metamorphosis and eventually 
disappear. 
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or^nall; from the germinal epithelium. In the embryo, tliis forms 
& thick layer, covering the fibrous and vascular stroma. After a time 
solid cords of epithelium -cells, which in some animals are partly 
tabular {ovarian tubes of Pfliiger), grow down into the stroma, whilst 
this at the same time grows into the epithelium. The cords presently 
become broken np by the ingrowths of stroma into small isolated nests 
of epithelimn- cells, each of which may represent a Graafian follicle. 
To form the ova some of the (,ermmal epithelium cells become en- 
larged, and usaally there is one such enlarged cell in each of tlie 
isolated nests The remainmg cells form the epithelium of the follicle 
(see fig. 218) 




Flo, 218,— Sectioh oi 



., or germlna] epithi 

Id t\M g«Tm-epHbelLuin ; 
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(II ghly niBgniHeii.) 
primordial otb Ijlng 



The stroma of the ovary contains, besides the spindle-shaped con- 
nective-tissue cells and plain muscular fibres already mentioned, a 
number of epithelium -like interstitial cells, like those found in the 
intertubolar tissue of the testis. They are most abundant near the 
hilns. Corpora lutea may also be seen in the stroma. These are 
large yellow nodules, which are developed out of the Graafian follicles 
after the ovum has become extruded. Tbey consist of columns of 
large yellowish cells, with intervening vascular fibrous tissue, which 
converge to a central strand of connective tissue occupying the axis of 
the nodule. The columns of yellow cells are not unlike those of the 
cortex of the suprarenal capsule. The cells are derived from the 
membrana granulosa of the follicle, which becomes thickened and 
folded ; between the folds connective tissue and blood-vessels grow in 
towards the centre, and in this way the corpus luteum becomes 
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developed. After persistiug for a time it gradually sLrinks and dlBsp- 
pears, but it becomes larger and remains longer persistent in the event 
of pregnancy supervening. 

The Fallopian tubes are chiefly composed of plain muscular tissue 
disposed circularly. They are lined by a viucoiis tnembrane whith is 
covered with cihated epithelium. Externally they are covered by a 
serous coat, within which is a thin layer of longitudinal muscular fibres 
overlying the circular fibres. 

The uteroB is usually deacrihed as composed of two parts, the body 
and cervix. The wall of the uteTua ia formed of tlie following layers : 

1. A serous layer, derived from the peritoneum, which covei's the 
greater part of the fundus. 

2. A muscular layer, whicli is of considerahle thickness and is 
composed of plain muscular fibres disposed in two imperfectly separated 
strata. Of these the outer is much the thimier, and its fibres are dis- 
posed partly longitudinally, partly circularly. The inner musciUar 
layer, on the other hand, is very thick ; its fibres run in different direc- 
tions, and it is prolonged internally into the deeper part of the mucous 
membrane, the extremities of the utei^ine glands extending between 
and amongst its fibres. It is imperfectly separated from the thiimer 
external layer by the ramifications of the larger blood-vessels, and 
probably represents a much- hyper trophied mascularis mucosffi. 

8. kmucous jMmSrone, which is very thick and is composed of soft 
connective tissue containing a large number of spindle-shaped cells. It 
contains long, simple, tubular glands (fig. 219), which take a curved or 
convoluted course in passing through the membrane. They are lined 
by cihated epitheliimi continuous with that which covers the inner 
surface of the mucous membrane. In the cervix the mucous membrane 
is marked by longitudinal and obhque ridges, and the glands are shorter 
than those of the body of the uterus. Near the os uteri the epithehum 
becomes stratified and overhes vascular papillie of the conum. The 
mucous membrane is exceedingly vascular, and it also contains a large 
number of lymphatic vessels. 

At each menstrual period the greater part of the mucous membrane 
of the body undergoes a process of disintegration accompanied by an 
escape of blood from the capillaries of the membrane. This ia suc- 
ceeded by a rapid renewal of the membrane. Should gestation super- 
vene, the process of renewal results in the formation of a greatly 
tliickened mucous membrane, with long convoluted glands, which is 
then known as the decidua. 

The mammary glands are compound racemose glands which open 
by numerous ducts upon the apex of the nipple. The ducts ore dilated 
into small reservoirs just before reaching the nipple. If traced back- 
wards, they are found as in other eompomid racemose glands to com- 
mence in groups of saccular alveoh. The walls of the ducts and alveoli 
are formed of a basement -membrane lined by a simple layer of flattened 
epithelium Ifig. 220, A). But during lactation, when the gland is in 
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activity, the cells of the alveoli become much enlarged and of a columnar 
shape, and fatty globules become formed within them {B). These fatty 
globules appear to become set free by the breaking down of the inner part 
of the cell, the protoplasm of the cells becoming partially dissolved and 



jf 





Fig. 220. — Alveoli ot the mammary olanT) of the bitch under differkut 

conditions of activity. 

Ay section through the middle of two alveoli at the commencement of lactation, the 
epithelium-cells being seen in profile ; B^ an alveolus in full secretory activity. 



forming the proteid substances of the milk. According to some authors, 
Hmph-corpuscles may also carry fat into the alveoli and there become 
disintegrated. At the commencement of lactation this disintegration 
is imperfect, so that numerous cells containing fat-particles appear in 
the secretion {colostrum corpicscles). 
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LESSON XXXVI. 

STRUCTURE OF THE SPINAL CORD. 

1. Sections of the spinal cord from the cervical, dorsal, and lumbar regions. 

[The spinal cord is hardened by being unmersed for about a month in 
bichromate of ammonia solution (2 per cent.) ; the sections are made with a 
freezing microtome and are stained with aniline blue black. H^ 

Notice the relative extent of the grey as compared with the white matter 
in the different regions of the cord. In the white matter the stained dots 
are sections of the axis-cylinders of the longitudinally disposed medul'ated 
nerve-fibres ; the tissue between the nerve-fibres is neuroglia. In the grey 
matter the branched nerve-cells are conspicuous, lying in a reticular sub- 
stance which is formed of neuroglia together with an interlacement of nerve - 
fibres and cell-processes. 

Sketch a section firom each region under a low power. Sketch also a 
small portion of the white substance, two or three nerve-cells, and the central 
canal with its lining epithelium and surrounding neuroglia under the high 
power. 

Measure the diameter of some of the nerve -fibres in the anterior columns, 
in the lateral columns, and in the posterior columns. 



The spinal cord is composed of grey matter in the centre and of 
white matter externally. It is closely invested by a layer af connective 
tissue containing numerous blood-vessels {pia mater), and less closely 
by two other membranes. One of these is an areolar membrane, re- 
sembling a serous membrane in genera,l structure, but non-vascular and 
more delicate in texture {arachnoid). The other, which lines the 
vertebral canal, is a strong fibrous membrane known as the dura mater. 
At the middle of the anterior and posterior surfaces the pia mater dips 
into the substance of the cord in the anterior and posterior median fis- 
sures, so as to divide it almost completely into two lateral halves. These 
are, however, united by an isthmus or bridge, which is composed 
anteriorly of transversely crossing white fibres {white commissure), 
posteriorly of grey matter (grey commissure), in the middle of which is 
a minute canal lined by ciliated epithelium {central canal, fig. 221, e). 

Each lateral half of the spinal cord contains a crescent of grey 
matter, which is joined to the corresponding crescent of the opposite 
side by the grey commissure. Of the two comua of the crescent the 

' See Appendix. 
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posterior is the narrower lati comes near the sar&ce of Die ci 
opposite to it the bundles of tliu posterior nerve-roots enter the ci 
The bnndlea of the anterior nerve-roots enter the anterior comu, 

The white matter of eaeh half of the cord is sabdivided by the 
passage of the nerve-roots into the comna into three principal coIudiqr 
— anterior, lateral, and posterior. It is composed of longitudinally 
coursing medallated nerve-fibres, -which in stained sections appear as 
clear circular areas with a stained dot. the ax is -cylinder, near the 



middle (fig. 222). 







The mediillated fibres are supported by a pecnUar reticular tiaa 
(fieurogUa) which contains a number of nuclei embedded i 
appears to be composed of bran-ched Hbrillated cells ( neuroglia -celli^ 
The nenrogha is accumulated in greater amount al the surface of t 
cord underneath the pia muter (iig. 222). and it extends into the | 
matter, of which it may be said to form the basis, and in which it I 
especially accumidated at the apex of the posterior comu and a 
fl..Oentral canal {substantia geUiiinosa of Bolondo). 
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The grey matter, besides neuroglia, coiiflistB of on interlacement of 
nerve-fibres and of the branching proccHSOH of tliu norvo-culls which are 
embedded in it. 




Diipositum of tlie nerve-fibres of the white columns in tract*. — 
The nerve-fibres vary in size in dilTorent parta of the white columns. 
They are smallest in the posterior columns, CHpccially in that part 
of the posterior column which \» next the posterior modtan fissure 
{posterior median column), and largest in the posturior part of the 
lateral column, but also of considerable size in the anterior column. 
This difference correspond)) in some measure wJtli the functions of the 
nerve-fibres in those parts respuutively. Tlius the posterior part of 
the lateral column which is cliaracterised by tlio large av/M of its nerve- 
fibres constitutes the tract along which voluntary motor impressions 
pass down tlie spinal cord from tliu opposite side of the brain, after 
having crossed at the pyramids of tlici medulla oblongata {crosne.d 
pyramidal tract, fig. 2213, c.p.t.]. The large fibroM which lie in the 
anterior columns next to the aJiterior median fissure, and the upper 
part of the cord, belong to a portion of tlie same tract wliich has not 
undergone decussation (direct pyramidal tract, d.p.t.). The small 
fibres of the posterior median colunm belong to a tract which is only 
distinct above the middle of the dorsal region of the cord, and is known 
as the tract of Goll (fig. 228, g). The rest of the posterior column is 
termed the cuiieate fasciculus, and is chiefly composed of tlio fibres 
of the posterior nerve-roots which run for a short distance in it before 
entering the grey matter. In the lateral column there is another tract 
which is distinct in the cervical and dorsal r^ions. This lies external 
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to the crossed pyramidal tract, and consists of large fibres which pass 
up into the cerebellum {direct cerebellar tract, c.t.). 



r. 




JV. 




Jjf. 
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Fig. 223. — Diagrammatic sec- 
tions OF THE SPINAL CORD AT 
DIFFERENT PARTS, TO SHOW THB 
CHIEF LOCALISED TRACTS iW 
FIBRES IN THE WHITE SUB- 
STANCE. (One and a lialf times 
the natural size.) 

7. at the leyel of the sixth cerrical 
nerre ; //. of the third dorsal ; 7/7, 
of the sixth dorsal ; IV. of the 
twelfth dorsal ; V. at the lerel of the 
fourth lumhar. djpj, direct or an- 
terior pyramidal tracts ; c.pJ, crossed 
or lateral pyramidal tracts ; fy. direct 
cerebellar tract ; g^ tract of Ooll. 



The course of the nerve-tracts in the spinal cord, and in other parts 
of the central nervous system, can best be made out by the study of 
sections of the foetal cord, for it is found that the development of the 
medullary substance occurs sooner in some tracts than in others, so that 
it is easy to make out the distinction between them. Another method 
consists in investigating the course which is pursued by degenerations 
of the nerve-fibres in consequence of lesions produced accidentally or 
purposely. 

Disposition of the nerve-cells in the grey matter, — The nerve-cells 
which are scattered through the grey matter are in part disposed into 
definite groups. Thus there is a group of large multipolar nerve-cells 
in the anterior comu ; their axis-cyhnder processes pass out into the 
anterior nerve-roots [column of the anterior comu, fig. 221, a, 5, c). In 
the middle dorsal region there is a well-marked group of large rounded 
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nerve-cella at the base of the posterior comu (Clarke's cotnmn). 
Another group ia seen on the outer side of the grey matter lying in a 
projection which is aometimes known as the lateral cornu {intermedia- 
lateral tract). This also is only distinct in the dorsal region. The 
cells of the posterior cornu are not collected into a special group. 

Course of the nerve-roots in the spinal cord. — The anterior roots 
enter the anterior oomu in a number of bundles {fig. 224, a, a). Some 
of their fibres (i, i) are directly connected with the nerve-cells there, 
others pass through the groy matter into the posterior comu, others into 
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the lateral white column of the same side of the cord (2, 8), and others 
again pass across In the isthmus to the anterior comu of the opposite 
side (4). 

liie fibres of the posterior roots (fig. 224, p) chiefly pass into the 
posterior white columns, from which after a sliort course they enter 
the grey matter and are partly connected with its cells, and partly pass 
to the other side of the aord. Some of the fibres of the posterior 
roots enter the posterior comu directly, and are believed to be con- 
nected with the scattered cells of that cornu. 

The ceotral oanal of the spinal cord is lined by columnar ciliated 
epithelium-cells, which are surrounded by a quantity of neuroglia. 
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The cells are best seen ui tlie spioal cord of uTiinmla (uid in the cliild ; 
in the human adult they have frequently become proliferated, aod their 
cilia are no longer visible. 

Characters of the ipinal cord in the lereral regiou (fig. 225). 
In the cervical region the white matter, especially that of the lateral 




colnmns, occurs in largest proportion. The grey matter, expecially in 
the cei'vical enlargement, is in considerable ainonnt (C 5), and it en- 
croaches in the form of a network upon the adjacent part of the lateral 
white column. The anterior cornua are thick and the posterior slender. 
The posterior median column is distinctly marked off. 
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In tlie dorsal region tho ^'roy matter in siiuill in amount, and both 
cornua are slender (D 5). The whole cord in Rmaller in diameter than 
either in the cervical or lumbar region. The column of nerve-celk 
known as Clarke's column, and the intermedio-lateral tract, are well 
marked. 

In the luvihar region the crescents of grey matter are very thick, 
and the white substance, especially the lateral columns, relatively small 
in amount (L 5). The isthmus lies nearly in tho centre of the cord, 
whereas in the ceiTical and dorsal regions it is nearer the anterior 
surface. The posterior median columns are not seen. 

In the part of the spinal cord from which the sacral and coccygeal 
nerve-roots take origin tho grey matter largely preponderates, the 
crescents forming thick irregular masses, and the grey isthmus being 
also of considerable thickness. 
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LESSON XXXVII. 

THE MEDULLA OBLONGATA, PONS, AND MESENCEPHALON. 

1. Sections of the meduUa oblongata made, (a) at the level of the decnssation 
of the pyramidB, lb) opposite the middle of the olivary body, and (c) jost 
above the olivary body. 

2. Section through the middle of the pone Varolii. 

3. Sections across the region of the corpora quadrigemina, one at the level 
of the infenor, the other at the level of the superior, pair. 

In aU the above sections sketch nnder a low power the general arrange- 
ment of the grey and white matter, inserting the positions of the chief gronpe 
of nerve -cells. 

[The tissue is hardened and the sections are prepared, stained, and 
mounted in the same way as the spinal cord,] 



T)ie Btnicture of the medulla oblongata can best be made out by 
tlie study of a Beries of Beetiona taken &om below upwards, and by 
tracing in these the changes which occur in the conBtituent parts of 
the spinal cord, taking note at the same time of any parts wbicb may 
be superadded. 

A section through the region, of the decussation of the pyramids 
(fig. 226) has much the same form as a section through the upper part 
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oE the spinal cord, and most of the stiuctures of the cord can be eaBilf 
recognised. A considerable alteration of the grey matter is, however, 
produced by the passage of the large bundles of the crossed pyramidal 
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tract {p) from the lateral column of the spinal cord on each side 
throagh the root of the anterior coron and acrose the anterior median 
fiBBure to the opposite anterior column of the mednlla, where, t^^ether 
vitb the fihres of the direct pjramidal tract, they constitute the promi- 
nent mass of white fibres which is seen on the front of the medolla 
on each side of the middle tine, and ia known as the pyramid. By this 
passage of fibres throngb tlie grey matter the tip of the anterior 
coma (a) is cat off from the rest and becomes pushed as it were to 
the side ; in sections a little higher up it appears as an isolated mass 
of grey matter which is known as the lateral nucleus I fig. 22, n.l.) 

A change also occurs in the posterior comu in consequence of the 
increased development of the posterior median and cuneate fiisciculi. 
This causes the posterior comu (fig, 226,^ c) to be pushed towards the 
side, the V which they form with one another being thus opened out ; 
at the same time the tip of the coma swells out and causes a prominence 
upon the surface of the mednlla, wluch is known as the tubercle of Rolando 
{B). Grey matter also soon becomes formed mthin the upward pro- 
longations of the posterior median column and of the cuneate bsciculus 
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(fig. 227, n.g., n.c.), but most of the grey matter of the comu becomes 
broken up, by the passage of bundles of nerve-fibres through it, into a 
l-eticolar formation if.r), the production of which is already foreshadowed 
in the upper part of the spinal cord. The central canal of the spinal cord 
is still seen in the lower part of the medulla oblongata (c.c), but it comes 
nearer to the posterior median fissure. The grey matter which sur- 
rounds it contains two well-marked groups of ner\-e-cella ; the anterior 
of these is the nucleus of the hypoglossal or twelfth nerve (n. x//.), the 
posterior that of the spinal accessory or eleventh (n. x/.). Instead of the 
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comparatively narrow isUimua wluch joine the two halves of the spinal 
cord, a broad raphe now makes its appearance ; this is formed of 
oblic|uely and antero-poflteriorly coorsing fibres, together with some 
grey matter containing nerve-cells. 

In a section at alxyiit the middle of an olivary body (fig. 228), it 
will be seen that a marked change has been produced in the form of 
the medulla and the arrangement of its grey matter, by the opening 
out of the central canal into the fourth ventricle. This causes the grey 
matter which below surrounded the central canal to be now spread 

Kill. 228.— Sucnos or the me- 
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out at the floor of that ventricle, and the collections of nerve-cells from 
which the hypoglossal and spinal accessory nerves respectively arose 
now, therefore, lie in a corresponding situation. At this level, how- 
ever, the outer group which corresponds with the nucleus of the spinal 
accessory in the lower part of the medulla has become the nucleus of 
the vagus or tenth nerve. The nerve-bundles of the roots of these 
nerves can be seen in the sections coursing through the thickness of 
the medulla and emerging, those of the hypoglossal (xii.) just outside 
the pyramids, those of the spinal accessory and vagus (x.) at the side 
of the medulla. The two seta of emerging fibres thus appear to sab- 
divide each lateral half of the medulla into three areas — a posterior, a 
middle, and an anterior. Of these the posterior is chiefly occupied by 
the grey matter of the floor of the fourth ventricle, and. with fibres 
which are passing obliquely upwards and outwards towards the ceore- 
bellum, forming its inferior cms (restiform body, c.r.) ; and in addition 
there is the continuation upwards of the portions of grey matter forming 
the nuclei of the funiculus gracilis (n.17.), of the funiculus cuneatus 
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(n.c), and of the tmbercle of Rolando {g). The anterior or memBl area 
is occupied in front by the pyramid {p\, and behind tliis by a reticular 
formation {reticularis alba, A) composed of longitudinally coursing 
bundles of fibres interlaced with fibres that are passing obliquely bom 
the opposite side, through the raphe, towards the restiform body (fig. 
229, r.o.). The middle area, which Hes between the issuing bundles 
of the two sets of nerve-roots, consists in its deeper part of a similar 
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reticular formation (fig. 228, fr), 
nerve-cells (reticularis grisea, fig. 
developed within it a peculiar wavy 
large number of small neive-cells 
body (fig. 228, o). 

The floor of the fourth ven/riclc is covered by a layer of ciliated 
epithelium -cells, continuous below with those lining the central canal, 
and above, through the Sylvian aqueduct, with the epithelium of the 



but with more grey matter and 
''i'.t. r.g.) Superficially there is 
imina of grey matter containing a 
this is the nucleus of the olivari/ 
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third and lateral ventricles. The fourth ventricle is roofed over by a 
thin layer of pia mater, with projecting choroid plexuses, the under 
surface of which is covered by a thin epithelial layer continuous at the 
side with the ciliated epithelium of the floor. 

A section taken just above the level of the olivary prominence will 
still show very much the same form and structural arrangements as 
that just described. The nucleus of the hypoglossal (fig. 2d0, n. XII.) 
is still visible in the grey matter of the floor of the ventricle, but the 
nerve which is now seen arising from the outer part of that grey 
matter is the eighth or auditory (VIII.), the bundles of which, as they 
leave the medulla, enbrace the inferior crus of the cerebellum (c.r.), 
which is now passing into that organ. The reticular formation still 
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Fig. 230. — Tranhverhe section of the vppku imut of the medulla 

OBLONGATA, f 

py, pjTamid ; o, olivary nucleus ; V.a, ascending root of the fifth nerve ; Vfll. inferior (pos- 
terior) root of the auditory nerve, formed of two parts, a, (striae acnntioie), and h^ which 
enclose the restiform body, e.r. ; n. VIII. p, principal nucleus of the auditory nerre ; 
ti. VIII. ne. accessory nucleus ; {/, ganglion-cells in the root ; n/y. nucleus of the funictUos 
teres ; n.XII. nucleus of the liypoglossal ; r, raphe. 



occupies the greater part of each lateral half of the medulla between 
the grey matter at the floor of the fourth ventricle and the pyramids 
('py), and a small portion of the oUvary nucleus (o) may still be seen, 
as may also the upward continuation of the grey matter of the tubercle 
of Rolando; this is intimately connected with some well-marked 
bundles of nerve-fibres, which are passing up to the pons to join even- 
tually the root of the fifth nerve (Fa). 

A section through the middle of the pons Varolii (fig. 281) shows 
very much the same arrangement of grey and white matter as that 
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vhioh iB met with at the upper part of the medulla, but the general 
appearance of the section is much modified by the presence of a 
large number of transversely conrsing bundles of nerre-fibres which 
are passing from one hemisphere of the cerebellum to the other. 
Intermingled with these bundles is a considerable amount of grey 
matter. The continnation upwards of the pyramids of the medulla 
(j)y) is embedded between these transverse bundles and separated 
by them from the reticular formation. The olivary nucleus is no 
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longer seen, but there are one or two small collections of grey matter 
which lie in the anteio-lateral part of the reticular formation and are 
known as the superior olivary nucleus (o.s.) The nerves which take 
origin from the giey matter of this region are part of the eighth, the 
seventh, the sixth, and somewhat higher up the fifth cranial nerves 
(see figs. 281, 232). Of these the eighth and fifth take originfrom groups 
of nerve-cellB which occupy the grey matter opposite the external border 
of the floor of the ventricle ; the sixth from a group which is placed also 
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in the grey matter of t)te floor of the ventricle but nearer the middle line, 
and the Berentli from a nuclene which lies in the formatio reticnlariB, 
and from which the fibres of the nerve pass backwards to the floor of the 
ventricle, then longitudinally upwards for a short distance, finally 
bending forwards and downwards and emerging between the transverse 
fibres at the sides of the pons. 

At the upper part of the pons (fig. 238| the fourth ventricle narrows 
considerably towards the Sylvian aquednct, and behind and on either 
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aide of it two considerable masses of longitudinal white fibres make their 
appearance. These are the superior crura of the cerebellum is.c.p.), 
and they tend as they pass upwards gradually to approach the middle 
line (fig. 284 A), across which in the region of the posterior pair of the 
corpora qnadrigemina they pass, decussating with one another, to the 
formatio reticularis of the opposite side (fig. 285, A). 
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In sections across the meienoephalon (fig. 285], the upward con- 
tinuity of the parte which have thus been described in the lower parts 
of the nerve-centres, can still in great measure be traced. 
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The Sylvian aqueduct (s), with its lining of ciliated epithelium, re- 
presents the central canal of the cord and the fourth ventricle of the 
medulla. In the grey matter which surrounds it (central grey matter) 
there is seen in all sections of the region a group of large nerve-cells 
lying anteriorly on each side of the middle line, close to the reticular 
formation. From this group the root-bundles of the fourth nerve arise 
at the lower part of the mesencephalon and pass obliquely backwards 
and downwards around the central grey matter, decussating with those 
of the opposite side to emerge just above the pons Varolii (fig. 284). 
Higher up the bundles of the third nerve spring from the continuation of 
the same nucleus (fig. 235, n. iji.)^ and these pass forwards and down- 
wards with a curved course through the reticular formation, to emerge 
at the mesial side of the crusta. 

The reticular formation of the pons is continued up into the mes- 
encephalon, and is here known as the tegmentum. It is composed as 
before of longitudinal and transverse bundles of fibres with much grey 
matter intermingled. The transverse fibres include the decussating 
fibres of the superior crura of the cerebellum [sx.jp.), and the fibres of 
the fillet (/), which are passing in an obUque manner from the raphe 
to the side of the mesencephalon, to reach eventually the grey matter 
of the prominences of the corpora quadrigemina. The pyramid bundles 
of the pons are continued upwards on each side into the crusta (or.). 
This forms a mass of longitudinally coursing bundles of fibres lying on 
the ventral aspect of each half of the mesencephalon, and diverging 
above into the internal capsule of the cerebral hemisphere. The crusta 
is separated from the tegmentum by a layer of grey matter containing 
a number of very deeply pigmented nerve-cells which give it the name 
oi substantia nigra (s.n,) The crusta and tegmentum, together with 
the intervening substantia nigra, constitute the crtis cerebri. 

The prominences of the corpora quadrigemina are formed mainly 
of grey matter containing numerous small nerve-cells. From each 
a bundle of white fibres (brachium) passes upwards and forwards 
towards the geniculate bodies, eventually joining the optic tract of 
the same side. On the other hand, each of the prominences receives 
from below fibres of the fillet^ which are themselves traceable into the 
posterior part of the lateral column of the medulla oblongata. 



LESSON XXXYIII. 

STRCCTUBE OF THE CEREJiELLVM AND CKttF.HRrM. 

■R tlie direction of tlio kiiiiniE and verticnl 



8. Vertical sections of the cerebial cortex, one frnni tlie aticoiitling frontal 
gjTUB, another &om the occipital lobe, and a tliiril [Luroxs tlio hippocampal 
gjms and hippocampus. 

4. Transverse sections of the olfactory tract and bulb. 

In all these preparations mako sketclioa under a low power of tlio general 
arrangement of the Krey and white matter, aii<l nlso <if tlio iienc-cells in 
the grey matter. Sketch some uf the dtttails under a high power. 



Tlie ceiebellum ib composed of a wliito LCiitre and of a grey cortex, 
both extending into all the folds oi lamm r f<o that ^vlien the laininfo 
are out acroaa an appearance 13 presented of a white arboroscenco 
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ooTered superficially by grey matter. Tlie white matter ia in largest 
amount in the middle of each cerebellar hemisphere (fig. 236). There 
is here present also a peculiar wavy lamina of grey matter, similar to 
that in the olivary body, and known as the micUtts dentatus (n.d.). 
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Other inolated grey nuclei He in the white matter of the middle 
lobe. 

The <^ey matter of the cerebellum conaiata of two layers l&g. 237i. 
The inner one Ithat next the white centre* ia composed of a large 
nnmber of very small nerve-cells (granule layer, (T), The outer layer 
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{b\ ia thickDr, anil in formed of neuroglia, with rounded and angular 
nniall iktvo-cpUb niiil iiLUiroglia-cplla scattered through it. Into its 
outer part itroFCHHCH of tlio pia mator conveying blood-veBselB pass 
Tertioally, and there wk uIho in this part a number of long taper- 
ing celln, Boiuewhnt liki' the Miillorian fibres of the retina. Lying 
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between the two layers of the 
grey matter is an incomplete 
stratum of large flask-ehaped 
cells (cells of Purkinje, c). 
Each of these gives oCT&om its 
base a fine process, which be- 
comes the axis-cylinder of one 
of the medullated fibres of the 
white centre, while from the 
opposite pole of the cell large 
ramified processes spread out 
into the saperficial layer of 
the grey matter, and some of 
these processes become con- 
nected with its small nerve- 
cells (fig. 288). 

Strnctnre at tlte oerebinm. 
The grey matter of the oe- 
itibal cortex is described as 
being composed of a number 
of layers, hut they are not 
sharply marked off from one 
another. The following are 
usually distinguished (fig. 
239). 

1. Most externally a thin 
stratum containing a few scat- 
tered cells, probably neuro- 
glia-cellfl. In the most super- 
ficial part of this layer imme- 
diately under the pia mater, 
is a very thin stratum of 
mednllated nerve -fibres. 

2. A layer of closely set 
small pyramidal nerve -eel Is 
several deep. This layer is 
also thin. 

S. A thick layer contain- 
ing larger and longer pyra- 
midal cells less closely set. 
These cells are largest in the 
deepest part of the layer ; and 
in the region of the motor 
centres of the brain some of 
them are of very large size, 
and are collected into small 
groni^. 
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i. A thin layer of numerous small irregular angular cells. 

5. A rather thicker layer of small scattered cells, many of ft fusi- 
form shape. This layer hes next to tlie white centre. In the island 
of Reil this stratum is considerably developed, and is somewhat sepa- 
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rated from the rest of the grey matter by a layer of white substance. 
It is known as the ctaustrum. 

From the white centre bundles of medullated nerve-fibres pass in 
Tertical streaks through the deeper layers of the grey matter, to lose 
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themselves amongst the pyramidal cells of tlie more superficial layers, 
with proceases from which they are probahly continuous. 

In the hippooampal re^oa a remarkable difference of structure 
manifests itself (fig. 240). The superficial layer of neuroglia and the 
white stratum, which overlies it aa a thin band in other parts of the 
cortex, are in this region both very strongly marked (s, 6 1, the neuroglia 
layer having a very distinctly reticular aapect, and being in part beset 
with small cells. All the rest of the thickneas of the grey matter 
appears to be mainly composed of, or at least to contain, long conical 
cells (a, *), the distal processes or apices of which are prolonged into 
fibres which lose themselves in the superficial layer of neurogha. The 
pyramidal cells rest upon the white centre, here known aa the alveusH), 
which is the part of the hippocampus seen within the ventricle, and 
which is prolonged externally into the fimbria (Fi), where its fibres be- 
come longitudinal in direction. 

In the dentate gyrai (fascia dentata, fig. 240, Fd) the pyramidal 
ooUb are arranged in an irregularly radiating manner, occupying the 
centre of the convolution, and surrounded by a ring of closely packed 
smaU cells (•), external to these being the relatively thick layer of 
superficial neuroglia (t). 

The olfiuttory tract is an outgrowth of the brain which was ori. 
ginally hollow, and remains so in many animals ; but in man the 
cavity has become obliterated, and the centre is occupied by neuroglia, 
containing, however, no nerve cells Ifig. 241). Outside the central 
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neuroglia lies the white or medullary substance, consiating of bundles 
of longitudinal white fibres. Moat externally is a thin superficial 
layer of neuroglia. 

The olfactory bnlb (fig. 242) has a more comphcated structure. 
Dorsally there is a flattened ring of longitudinal white bundles enclosing 
neuroglia (i, a, 3), as in the olfactory tract, but below this ring a 
number of layers are superadded as follows : 

1. A granule layer (fig. 242, a), characterised by the presence of a 
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large number of small nerve-cells with reticulating bundles of medol- 
lated nerve fibres running between them. 

2. An intermediate nerve-cell layer (e) consisting of neuroglia, in 
which small pyramidal nerve-cells are embedded. This layer is also 
traversed by medullated nerve-tibres, and is partly separated from the 
granule layer by irregular clefts (s). 

3. The layer of olfactory glomeruli {?) consists of rounded nests of 
small ganglion- cells, which appear to give origin to the olfactory nerve- 
fibres. These pass between the glomeruli to enter the close plexus of 
non-medullated nerve-fibres which lies directly over the cribriform plate. 

4. This is the layer of olfactory nerce-fibres (s), and from it 
branches (•) pass directly downwards to the uaaal fossie. 
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Basal fauglia.— Besides the grey matter of the cerebral cortex the 
cerebral hemiapherea conceal in their deeper parts certain other masses 
of grey substance (fig. 243). The principal of these are the corpus 

itum (nuclejts cawlalus, c, and nucleus lenticularis, str) and optic 
•nui {th). Between them run the bundles of white fibres which are 
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pftssing upwards from the orus cerebri, forming a wliite lamina termed 
the internal capsule. Above the levol of these nuclei the interna) 
capBule expands into the medullary centre of the homixphore (see also 
figB. 244 and 245, with their description). 
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The aodens caudatni of the corpus striatum in composed of a 
reddish-grey neuroglia containing both moderately large and Hmall multi- 
polar nerve-cella. It receives fibres from the part of the internal 
capsule which separates it from the nuclens Icnticnlarls, and next the 
lateral ventricle it is covered by a thin layer of neuroglia, and over 
this by the epithelium of the cavity. 

The nucleus lenticularii, whicli corresponds in position internally 
with the island of Beil externally, is divided by two white lamina into 
three zones. It is separated from the nucleus caudatus and optic tliala- 
mus by the internal capsule (figa. 244, 245, ic), which consists of the 
bundles of medullary fibres which are passing between the white centre 
of the hemisphere and the crua cerebri ; it receives on its inner side 
many white fibres from the capsule, and these impart to it a radially 
striated aspect. Many of the nerve-cells of tlie nucleus Icnticularis 
contain yellow pigment. 
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The optio thalamu wlikli Ugh at the nido of tlio tliinl Miitriolo 
and forms part of the floor of tlio lateral ^cntn(l(t mcoMrod oxtinially 
by a layer of white fibres mofit marked next to tho uitimal capnulo 
fibres from which pass into the thalamus and servo to connect it with 
the hemisphere 

The grey matter of the tlialamus {f\^ 244) ix partialis huInUvkImI 
by an obhque white lamina into a smaller inner (t), and a larger 
outer, nucleus (e| tlicso contain a niitnbor of Hmall Mitttond iiorvc 
cells. Autenorly another portion of (p-oj matter [a] is diMdtd off m a 
similar way this contains comparatl^cly largo nervo cciHh 

Attached to the optic thalainuH below and exttinally arc tliutMO 
geniculate bodies which are Lonncctcd with tlic optii tract The outur 
geuioulate body has a lainellatid Ntrncluru cniiHiHlin^' uf alteiimtin^ 
layers of grej and whito inattir 

The tegmentum of the cruH cerebri is prolonged htl»w tin thala 
mus opticus into a inass of grey suhstaiue iiith longitniliniilly mid 
obliquely crossing white hiinillcs which ih known iiiuh r the nanio of 
tubthalamic region In it at least three parts difTt ring froni oiio 
another in structure may he distingmsbtd Isei fig 244 1 2 i] 

The pmeal gland which is duveloptd in the roof of the third 
Tentricle, is composed of a number of tubes and sact nlus IiiimI and 
sometimes almost hlled with epithelium and lotitaniiiig deposits of 
earthy salts (6^al^l >,anU J hewc ma\ liimfMr tcmr in otliui partH 
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of the brain as well. Tbe follicles are separated from one another by 
vascular connective tissue derived from the pia mater. 

The pituitary body is a small reddish mass which lies in tho sella 
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turcica, and is connected with the third ventricle by the infundibnlam. 
It consists of two lobes, a larger anterior, and a smaller posterior. 
The anterior lobe is originally developed as a hollow protrusion of the 
buccal epithelium. It consists of a number of tubules, which are lined 
by epithelium, and united by connective tissue. In some of the tubes 
the epithelium is ciliated, and sometimes a colloid substance like that 
occurring in the vesicles of the thyroid has been found in them. 

The posterior lobe of the pituitary body, although developed from 
the floor of the third ventricle, contains scarcely any perceptible 
nervous elements in the adult. It consists chiefly of vascular con- 
nective tissue. 

The membranes of the brain are similar in general structure to those 
of the spinal cord, p. 185. The dura mater is, however, more closely 
adherent to the under surface of the bony cavity than is the case in 
the vertebral canal. The arachnoid is in many places close to the 
dura mater, and separated by a wide subarachnoid space, which is 
bridged across by finely reticulating bands of areolar tissue (subarach- 
noid trabeculaB, fig. 246, s.a.) from the pia mater. In the vicinity of 
the longitudinal sinus, small rounded elevations (arachnoidal vQli, 
Pacchionian glands) project into the dura mater, and even become em- 
bedded in the skull itself. 
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LESSON XXXIX. AND XL. 

STRUCTURE OF THE EYELIDS AND OF THE PARTS OF 

THE EYEBALL. 

LESSON XXXIX. 

1. Sections of the eyelid vertical to its surfaces and transverse to its lon^ 
axis. The lid shotdd be hardened in alcohol, and the sections may be stained 
with hematoxylin and mounted in the usual manner. 

Notice the long sacctdated Meibomian glands lying in dense connective 
tissue close to the conjunctival surface, and their ducts ox)oiiing at the 
margin of the Ud. External to these the small fibres of the orbicularis pal- 
pebrarum cut across ; a few of the fibres of the muscle lie on the conjunctival 
side of the duct. A short distance from the Meibomian gland may be 
observed another tolerably large sebaceous gland ; outside this again are the 
eyelashes. In the skin covering the outer surface of the eyelid a few small 
hairs may be seen. At the attached part of the eyelid are some bundles of 
involuntary musctdar fibres cut longitudinally in the section, and in the upper 
eyelid the fibrous attachment of the elevator muscle may be observed attached 
to the dense connective tissue. 

Make a general sketch under a low x)ower. 

2. Sections through the posterior part of an eyeball that has been hardened 
in Miiller's fluid. The sections are stained and mounted in the usual way. 
These sections will show the relative thickness of the several coats and the 
layers of which each coat is formed. Sections which pass through the point 
of entrance of the optic nerve will also exhibit the manner in which the 
nerve-fibres pierce the several coats to reach the inner surface of the retina. 
The modifications which are found in the neighbourhood of the yellow spot 
may also be made out if the sections have been taken from the human eye. 

3. Sections of the anterior half of an eyeball which has been hardened in 
Miiller's fluid. These sections should pass through the middle of the cornea. 
The lens may be left in situ, but this renders the preparation of the sections 
and the mounting of them much more difficult. 

In these sections make a general sketch under a low power, showing the 
relations of the several parts one with another ; and study carefully, and sketch 
in detail, the layers of the cornea, the place of junction of the cornea and 
sclerotic, the ciliary muscle, the muscular tissue of the iris, the mode of sus- 
pension of the lens, and the pars ciliaris retime. 

4. Mount in glycerine thin tangential sections of a cornea stained with 
chloride of gold by Cohnheim*s method. Sketch three or four of the con- 
nective-tissue cells (corneal corpuscles). The arrangement and distribution 
of the nerve-fibres and their termination amongst the epitheUum-ceUs as 
shown in chloride of gold preparations have been already studied (Lesson 
XIX.) 

P2 
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4. A thin layer of mimeroua Biuall irregular angular cells. 

5. A rather tliicker layer of email Bcattered cells, many of a fusi- 
form sliape. This layer lies next to the white centre. In the island 
of Reil this Btratum is considerably developed, and is somewhat »epa- 
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■ated from the real of the grey matter by a layer of white aubstaui 
s known as the claitstt'um. 

Prom the white centre bundles of medullated nerve-fibres pass 
ertical streaks through the deeper layers of Uie grey matter, to 
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theuiBelveB amongBt the pyramid&l cells of the more superficial layers, 
Tvitb proceseeB firom which they are probably continuous. 

In the hippooampal region a remarkable difference of structure 
maDifestB itself (fig. 240). The superficial layer of neuroglia and the 
white strainm, which overlies it as a thin band in other parts of the 
cortex, are in this region both very strongly marked (fi, 6), the neuroglia 
layer having a very distinctly reticular aspect, and being in part beset 
with small cells. All the rest of the thickness of the grey matter 
appears to be mainly composed of, or at least to contain, long conical 
cells (3, 4), the distal processes or apices of which are prolonged into 
fibres which lose themselves iu the superficial layer of neuroglia. The 
pyramidal cells rest apon the white centre, here known as the alveus ( i ), 
which is the part of the hippocampus seen within the ventricle, and 
which is prolonged externally into the fimbria (Fi), where its fibres be- 
come longitudinal in direction 

In the dentate gymi {fascia dentata fig 210, Fd) the pyramidal 
oella are arranged in an irregularly radiating manner, occupying the 
centre of the convolution and surrounded by a ring of closely packed 
small cells ('), external to these bemg the relatively thick layer of 
superficial neuroglia (7). 

The ol&ctory tntct is an outgrowth of the brain which was ori- 
ginally hollow, and remains so in many animals ; but in man the 
cavity has become obliterated and the centre is occupied by neuroglia, 
eontaining, however, no ncr^e cells |fig 241) Outside the central 




neuroglia lies the white or medullary substance, consisting of bundles 
of longitudinal white fibres. Most externally is a thin superficial 
layer of neuroglia. 

The olfactory bulb (fig. 242) has a more comphcated structure. 
Dorsally there is a flattened ring of longitudinal white bundles enclosing 
neuroglia (l, S, 3), as in the olfactory tract, but below this ring a 
Dumber of layers are superadded as follows : 

1. A granule layer (fig. 242, 4), characterised by the presence of a 
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The lachrymal gland may be briefly mentioaed in connection witli 
the eyelid. It is a compound racemose gland, yielding a watery secie- 
tion, and resembling in structare ibe serous salivary glands, such as 
the parotid. 
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The sclerotic coat ib composed of dense fibrous tissue, the bnndles 
of which are intimately interlaced. It is thickest at the back of the 
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eyeball. It is covered externally ■with a lymphatic epithelinm, whil« 
internally it is lined by a layer of connective tissue coiitaiHing pig- 
ment-cellB, which give it a brown appearance (lamhia/iisca). At tlie 
entrance of the optic nerve the Bclerotic is prolonged into the aheath 
of that nerve, the bundles of which, piercing the coat, give a sieve-like 
aspect to the part {lamina cribrosa, fig. 257, L). 

The caroea (fig. 248) consists of the following layers enumerated 
firom before back : 

1. A stratified ejnthelium cotitinaous with the epitliclium of the 
conjunctiva (l). 

2. A thin lamina of homogeneous connective tissue [membrane of 
Bowman), upon which the deepest cells of the epithelium rest (2). 

3. A thick layer of fibroua connective tissue wliich forms the 
proper substance of the cornea [a). This is continuous laterally with the 
tissne of the sclerotic. It is composed of bundles of white fibres 
arranged in regular laminie, the direction of the fibres crossing one 
another at right angles in the alternate lamina. Between the la.minie 
lie flattened connective -tissue corpuBcles, which are branched and 
united by their processes into a continuous network ; there is of course 
a corresponding network of cell-spaces (fig. 249, A, H). In vertical 
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sections the cells appear narrow and spindle-shaped (tig. 248, c). In 
the superficial laminae there are a few bundles of fibres which run 
obliquely towards the surface (a). 

4. A homogenaous elastic iayer [membrane of Descemei) (&g. 248,4), 
This completely covers the back of the cornea, but at the angle which 
the cornea forms with the iris it breaks up into separate fibres, which 
are continued into the iris as the ligamentum pectinatum, or pillars of 
the iris. 
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5. A layer of pavement -epithelium covering the posterior surface of 
tlie elastic lamina, and lining the front of the anterior chaniber of the 
eye (fig. 348, a). At the sidea it is continued over the ligamentum 
pectinatum into a similar epithelium, covering the anterior Bur&ce 
of the iris (fig. 253, 2f]. 

The nerves of the cornea pass in from the periphery, losing their 
medullary sheath as they enter the corneal suhstance. They form 
a primary plexus in the substantia propria, a secondary or sub-epit- 
lielial plexus immediately under the epithelium which covers the 
anterior surface, and a terminal plexus of fine fibrils which pass &om 
the sub -epithelial plexus in pencil-like tufts and become lost between 
the epithelium -cells (see figs. 106, 106, Lesson XIX.) There ore no 
blood-vessels or lymphatics in the cornea, although they come close 
up to its margin. 

The choroid or vascular coat of the eye is of a block colour in many 
animals, but in the human eye is dark brown. It is composed of connec- 
tive tissue, the cells of which are large and filled with pigment (fig. 2S1), 
and it contains in its inner part a close network of blood-vessels, and 



in its anterior part the involuntary muscular fibres of the cihary 
muscle, which pans backwards firom their origin at the junction of the 
coniea and sclerotic, to be inserted into the choroid. The choroid is 
separable into the following layers, enumerated from without in 
(fig. 250|: 

I. The Iniiiinn snprackoroidea (fig. 250, d). This is a thin mem- 
brane composed of homogeneous connective tissue pervaded by a net- 
work of fine elastic fibres, and containing many large branched 
pigment-cells and lymph -corpuscles (fig. 2S1). It is covered super- 
ficially by a delicate lymphatic epitheUum, and is separated from the 
lamina fusca by a cleft-like lymphatic space which is bridged across 
here and there by the passage of vessels and nerves, and by bands of 
connective tissue. 

a. The vascular imjcr of the chomid (fig, 250, h\, which resembles 
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tile saprachoroidea in Blrccttire, but coiitainE the blood-Tessels of the 
coat. In its outer part are the larger vessels (arteries and yeinal, the 
veins having a pecnhar vorticoee atraQgemeDt ; in its inner part 
(chorio-capiUaris I are the capUlaiies, which form an estremely close 

network -n-itfi c-lnnp'attd luosljfs, tlic capillaries radiating froia the 
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estremitiea of the amall arteries aiid veins in a highly charocteristie 
manner (fig. 252). In the ciliary processes the vessels have for the 
ntost part a longitudinal direction, but there are numerous convolated 
transvfrsolyilispoHcdcapillai its unilinglliclongitudJnal vessels (fig. 256). 
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8. Lining tlie inner surface of t)ie choroid is a very thin trans- 
parent membrane known an the membrane of Britch (fig. 250, a). 

The ciliary muscle of Bowman consists of involuntary muscalar 
bnndlea which arise at the cornoo-Bcterotic junction, and pasa meri- 
dionally backwards to be inserted into the choroid (fig. 2S3, e). Many 
of the deeper-seated bundles take an oblique direction, and these pass 
gradually into others which run circularly around the circumference 
of the iris, and on a level with the ciliary processes. This set of 
circularly arranged bundles constitutes the circular ciliary muscle of 
H. Mnller (l) ; it is most marked in hypermetropic eyes. 

The ilia is that part of the vascular coat of the eye which extends 
in front of the lens. It is continuous with the choroid and has a 




similar structure, but its pigment-cells often contain coloured pigment. 
Besides the homc^eneous connective tissue, with numerous elastic fibres 
and blood-vessels of which it is chie^y composed, it contains two sets 
of plain muscular fibres. The one set forms the sphincter muscle (fig. 
246, a), which encircles the pupil, the other set consists of a flattened 
layer of radiating fibres which extend from the attachment of the iris 
nearly to the pupil, lying close to the posterior sur&ce and constituting 
tlie dilatator muscle [b]. 

The back of the iris is covered by a thick layer of pigmented 
epitbelitun (uvea) continuous with the epithelium of the pars ciliaris 
retinsa. 

The blood-vessels of the iris converge towards the pupil (fig. 2.'>5,e). 
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Near the pupil the email arteries form a small anastomotic circle, from 
wbich capillaries arise and pass still nearer the pupil, around -which 
they form a close capillary network. 

A large number of nerve-fibres are distributed to the choroid and 
iris, probably going chiefly to the muacular tissue (ciliary muscle and 
sphincter and dilatator iridia). 

The retina consists of the eight layers shown in the accompanying 
figure (fig. 25C), numbered as they occur from within out. 




The inner surface of the retina, which is smooth, rests Upon the 
liyloid membrane of the vitreous humour. It is formed of the united 
bases of tlie fibres of Miiller, which will be afterwards described. 

The layer of verve-filires is formed by the expansion of the 
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optio nerve after it lias passed tiiro f,h the coats of the eje {fig 267) 
At its entrance it forma & sbght eminence (collie dus nerm optict} 
The nerve fibres lose then medullar) sheath on reachmg the retina 
The layer becomes gradually thinner m the anterior part of the retina 




The layer of 7ierve-cells, or ganglionic layer, is compofed of large 
nerve-cells somewhat like the cells of Puikinje of the cerebellum, and 
having on the one side a fine axis-cylinder process prolonged into a 
nerve-fibre, and on the other a thick branching process, the ramifica- 
tions of which become lost in tlie next layer. 

The inner molecular layer is comparatively thick, and has an 
appearance very like the neuroglia of the grey matter of the nerve- 
centres. A few nuclei are scattered through it, and it is ti-aversed by 
the processes of the nerve-cells and of the inner grannies, as well as by 
the fibres of Miiller. 

The inner nuclear layer is mainly composed of bipolar cells con- 
taining large nuclei {irmer granules). The processes of these cells 
extend on the one hand inwards through the inner molecular layer, 
probably to join with nerve-fibres or with the processes of the gan- 
glion-cells, whilst the other process is directed outwards, and is con- 
nected with the extremity of a rod or cone fibre. Besides these bipolar 
cells, there are other inner gianules which are difierent in character, 
being devoid of processes and resting on, or even embedded in, thij 
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inner molecular layer, with the formation of which they are probably 
connected. Others, which are larger and more rounded, are applied 
to the outer molecular layer. The fibres of Miiller have nucleated 
enlargements in the inner nuclear layer. 

The outer molecular layer is thin, and is composed of flattened and 
branched cells, the ramitied cell -processes being onited into a close 
network (fig. 258|. 




As far as the outer molecular layer the retina may be said to con- 
sist of nervoua elements, but beyond this layer it is formed of modified 
epithelium- cells. 

The outer nuclear layer and the layer of rods and cones are com- 
posed of elements which are continuous through the two layers, luid 
they should properly, therefore, he described as one. It may he termed 
the neural or sensory epithelium of the retina (fig. 260, 6 and t). The 
elements of which the neural epitbehum consists are elongated, nucle- 
ated cells of two kinds. The most numerous, which we may term the 
rod-elements, consist of peculiar rod-like structures (rods proper) set 
elosoly side by side, and each of which is prolonged internally into a fine 
varicose fibre (rod-fibre) which swells out at one part of its course into 
a nucleated enlargement. The rod proper consists of two segments, an 
outer cylindrical and transversely striated segment, which during life 
has a purpHsb-red colour, and an inner slightly bulged segment, which 
in part of its length is longitudinally striated. The nucleus of the 
rod-elcmetit often has, in the firesh condition, a transversely shaded 
aspect (fig. 259). The coiie-elements are formed of a conical taper- 
ing external part, the cone proper, which ia directly prolonged into 
a nucleated enlargement, from the farther side of which the cone- 
fibre, considerably tliicker than the rod-fibres, passes inwards, to ter- 
minate by an expanded base at the outer molecular layer. The cone 
proper, like tlie rod, is formed of two segments, the outer of which, 
much the smaller, is transversely striated, the inner, bulged segment 
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being longitudinally Btnatcd TLe inner eods of the rod- and cone- 
fibrea are believed to be connected with processes from the inner 
granules and through these with the nerre-cells and nerve-fibres. In 
birds, reptiles and ampliib a a, BtnaJil oil-globule, often brightly 
coloured red yellow or green la found in the inner segment of each 
cone, and other \unatioiis of structure are met with in animals. The 
cones are most numerous at the back of the retina ; they are fewer in 
number and the rods are proportionally more numerous, towards the 
anterior part 




Fl.l. 260^PH1>IKNTKI> Kl-miRI-IOM "C Til 

iiUHAif RKTIKA. (Highly migoiacd.) 

a. cem wn fimn (ho outer ■urfWH nith «1« 

JinmnfEntercellulDi'iiiitHUiioe between ;A>tH 



The fUpnentanj layer is the most external part of the retina. It is 
formed of hexagonal epithelium -eel Is (fig. 260), wliicli are smooth exter- 
nally where they rest against the choroid, but are prolonged internally 
intofiuefilamentswhichextend between the rods. The pigment-granules. 
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many of which are in the form of minute crystals, lie in the inner 
part of the cell, and after pvolonged exposure to the light they are 
found extending along the cell -processes between the rods {b, c), their 
function being probably connected with the restoration of the purple 
colouring matter which has been bleached by the light. 

Fibres of MulieT.^The fibres of Miiller (fig. 261 ) are long stiff fibres 
^hich pass through several of the retinal layers. Commencing at the 
inner surface of the retina by expanded bases which unite with one 
Miother to form the so-called internal limiting membrane (fig. 866), the 
fibres pass through all the layers in succession, until they reach the 
outer nuclear layer. Hero they branch and expand into a sort of reti- 
cular tissue which serves to support the fibres and nuclei of the rod- and 
cone -elements. At the bases of the rods and cones, this sustentacular 
tissue ceases, being here bounded by a distinct margin which has been 
called the external limiting membrane {m. e. I.), but delicate sheaths 
have been described passing from it round the bases of the rods and 
cones. Each Miillerian fibre, as it passes through the inner nuclear 
layer, has a nucleated enlargement (n), indicating the original cell 
nature of the fibre. 

There are two parts of the retina which call for special description. 

The macula luUa{ye\\ov spot, fig. 268), with its central fovea, lies 
in the visual axis, and is the part of the retina which is most immedi- 




ately concerned in direct vision. It is characterised first by its greater 
thickness (except at the fovea), secondly by the large number of 
ganglion-cells, which are all distinctly bipolar (2), and thirdly by the 
brge number of cones it contains as compared with the rods. In the 
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central fovea itself there are no roda, and the cones are very long and 
Blender ; moreover, all the other layers become gradually thinned 
down almost to complete disappearance, bo that the middle of the central 
fovea is the thinnest part of Uie retina. Since there are few rods, the 
outer nuclear layer (6) losea in great meaanre its appearance of being 
composed of closely packed nuclei, and the cone-fibres are very distinct. 
The direction of all the fibres is very obhque in this part of tjie retina. 
The pars ciliaris retime which commences at the ora ierrata, vhere 
the retina proper abruptly ends, is composed of two epithelial layers 
[fig. 263), and has no nervous structures. Of the two layers, the 




external is a thick stratum of pigmented epithelium formed of rounded 
cells and continuous with the pigmentary layer of the retina on the 
one hand, and with the uvea of the iris on the other ; the inner is a layer 
of columnar cells each containing an oval nucleus. 

The retina contains but few blood-vessels. The artery enters and 
the vein leaves it in the middle of the optic nerve. The larger vessels 
ramify in the nerve-fibre layer, and there are capilhury networiis in 
this layer and in the inner nuclear layer. There are peri-vascular 
lymphatic spaces around the veins and capillaries. The neoral epithe- 
lium receives no blood-vessels, but is nourished from the vessels of the 
choroid. 

Btrnoture of the leni. The lens is a laminated fibrous body en- 
closed by a transparent elastic capsule into which, around the c:~ 




ference, the fibres of the suspensory ligament are inserted. Immedi- 
ately within the capsule, in front and at the sides, there is a layer of 
cubical epithelium termed the epithelium of the capsule, but at the 
margin of the lens the cells become longer and pass by a gradual 
transition into the lens-fibres {fig, 264). The fibres which compose the 
lens are long and riband -shaped, with finely serrated edges (fig. 266, A) ; 
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in transverae section they appear priBmatic (B). Many of the superficial 
fibres are nucleated (c), the lens fibres having originally been developed 
by the elongation of epithebnm cells 
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The vltreoui hamoar is compoaed of soft gelatinous tissue, appa- 
rently structureless when exammed in the fresh condition, but contain- 
ing a few scattered amceboid cells, the proceaees of which are often long 
and varicose, and the cell-bodies distended by large vacuoles. The 
hyaloid membrane, which invests the vitreous humour, is homogeneoas 
and structureless except in the region of the cihary processes, where it is 
fibrons in structure, forming the zonule of Zinn and spreading out into 
the suspensory ligament of the lens. 

,2 
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LESSON XLL 

STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE 
AND OF THE EXTERNAL AND MIDDLE EAR, 

1. Vertical flections of the olfactory mucooB membrane. The sections may 
be carried either across the middle turbinate bone, after decalcification in 
(y*2 per cent, chromic acid, or across the upper part of the nasal septum. 
Make a sketch under the low power. Notice the difference in the character 
of the epithelium in the olfactory and respiratory parts of the membrane. 

2. Teased preparation of the epithelium of the olfietctory mucous mem- 
brane. A piece of the membrane is placed quite fresh in osmic acid (1 per 
cent.) for a few hours, and is then macerated for two days or more in water. 
The epithelium is broken up in dilute glycerine ; the cells easily separate 
from one another on tapping the cover-glass. Notice the two kinds of cells. 
Sketch some of the cells under a high power. 

B. Sections of the external ear (these have been already studied for the 
cartilage. Lesson XIL) 

4. Sections across the cartilaginous part of the Eustachian tube. Sketch 
under the low i)Ower. 

5. Preparation of the membrana tympani. A piece of the membrane, 
stained with hsematoxylin. and mounted flat in Canada balsam. 

Detennine the composition of the membrane — i,e. the several layers com- 
posing it —by focussing carefully with the high power. 



STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE, 

The olfactory region of the nasal fosssB includes the upper and 
middle turbinate processes and the upper third of the septum. It is 
covered by a soft vascular mucous membrane of a yellow colour in man. 

The epithelium of the olfactory mucous membrane (figs. 266, 267) is 
very thick and is composed of long tapering cells, set closely side by 
side and bounded superficially by a cuticular lamina, through which the 
free ends of the colls project. The cells are of two kinds : 1. Long 
narrow spindle-shaped or bipolar cells consisting of a larger part or 
body (6), containing the nucleus, and of two processes or poles, one (c) 
straight and cylindrical and extending to the free surface, the other (d) 
very delicate and varicose, looking not unlike a nerve-fibril and extending 
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down to the corinm. The poeition of the nuclear enlargement varieB, 
and with it the relative length of the two procesees. The distal or free 
proceBB terminatea in a small clear projection, which paBBea beyond the 
cnticular membrane ; in ampliibia, reptiles, and birds, and perhaps in some 




Is, it bears fine stiff hairlike filaments (e). The proximal or vari- 
cose process becomes lost amontirst the plexus ofolfactory nerve-fibrils at 
the base of the epitheUum, and is believed to be connected with a fibril. 
These cellshaveaccordinglybeen termed o^/octor^ ceZ2s. 2. Longcolam' 
nar epithelium cells (a), with comparatively broad cylindrical nucleated 
cell-bodies placed next the free anrface, and long, forked, and branching 
tail-like proceBaes extending down to the corium. These are usually 
regarded not as aensory epithelium -cells, but merely as serving to support 
the proper olfactory cells ; but, according to Exner, they are also con; 
nested with the olfactory fibres, and there is no sharp distinction 
between them and the bipolar cells. 8. Tapering cells are present, at 
least in some animals, in the deeper part of the epithelium. They rest 
by their bases upon the corium, and prciject between the other cells, 
which they assist to support. 

The corium of the olfactory mucous membrane is also very thick 
{fig. 267). It contains numerous blood-vessels, bundles of the olfactory 
nerve-fibres (which are non-meduUated), and a largo number of serous 
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glanda known as Bowman 3 glands (b) which open upon the 
hy fine ducts passing between the epithehum cells 




STRUCTURE OF THE AUDITORY OR&AN. 

The extemftl ear proper (pinna) is composed of elastic fibro-carti- 
lage, invested by a thin, closely adherent skin. The skin is covered by 
small hairs, and connected with these are the usual sebaceous follicles. 
In some parts — e.g. the lobule — there is a considerable amount of 
adipose tissue ; and voluntary muscular iibres are in places attached to 
the cartilage and may be seen in sections of the ear. 

The external auditor; meatiu is a canal formed partly of cartilai^ 
continuous with that of the pinna, partly of bone. It is lined by a 
prolongation of the skin and is closed by tiie membrana tympani, over 
which the Bkin is prolonged as a very thin layer. Near the orifice the 
akin has hairs and eebaceous glands, and the meatus is also provided 
throughout the cartilaginous part with Hmall convoluted tubular glands 
of a brownish -yellow colour, which yield a waxy secretion (ceruminous 
glajids). They appear to represent modified sweat-glands. 

The tympanum is lined by a mucous membrane which is continnous 
through the Eustachian tube with the mucons membrane of the 
pharynx ; it is also prolonged into the mastoid cells. The epithelium 
is columnar and ciliated in some parts, but in others — e.g. roof, promon- 
tory, ossicles, and membrana tympani — it is a pavement -epithelium. 

The membrana tympani is a thin membrane formed of fibrous 
bundles which radiate from the umbo. Witliin the radial fibres are a 
few annular bundles. Covering the fibrous membrane externally is a thin 



STRUCTURE OF TflE EUSTACHIAN TUBE 



231 



layer continuous with the sMn of the meatuB ■ covering it internally is 
another thin layer denved from the mucous membrane of the tympanic 
cavity. Blood veBsels and lympt at cs are distributed to the membrane 
chiefly in the cutaneous and mucous layers 

The Enitachian tnb« a the canal leadmg from the tj mpanum to 
the pharynx It s formed of bone near the tympanum but below, 




near the pharynx, it is bounded partly by a bent piece of cartilage 
(fig. 268, 1, a), partly by fibrous tissue. The latter contains numerous 
mncouB glands (6, ?), which open into the tube, and on the outer side 
a band of muscular tissue (s) which joins the tensor palati. The epithe- 
lium ia ciliated. 
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LESSON XLII. 

STRUCTURE OF THE LABYRINTH. 

1. Sections across one of the membranous semicircular canals of a fish 
(skate). 

2. Longitudinal sections through the ampulla of a semicircular canal 
(skate). 

8. Vertical sections through the middle of the cochlea of a mammal. 

The cochlea is put quite fresh into 0*2 per cent, chromic acid containing 
a few drops of 1 per cent, osmic acid. When decalcified, it is well washed, 
and then placed in spuit for a day or more. 

In preparing sections of the above three preparations it is advisable, in 
order that the epithelium should be kept in position, to mount them by the 
creosote-shellac process. They may previously be stained in bulk either by 
alcohohc tnagenta or borax-carmine. 

4. Teased preparations of the auditory epithelium of an ampulla or of the 
macula of the utricle, from the fish. 

5. Teased preparations of the epithelium of the organ of Corti from the 
guinea-pig. 

Both 4 and 5 are made from osmic preparations. 

Make sketches from all these preparations under the high power. 



The labyrinth, which is the essential part of the auditory organ, 
consists of a complex membranous tube lined by epithelium and filled 
with endolymph, contained within a bony tube — the osseous labyrinth 
— of corresponding complexity of shape (figs. 269, 270). The mem- 
branous labyrinth does not wholly fill the bony cavity ; the rest of the 
space is occupied by perilymph. The membranous labyrinth (fig. 269) 
is composed of the utricle {u)^ and the three semicirctdar canals, each 
with an enlargement or ampulla which opens into it, tlie saccule (s) 
and the canal of the cochlea (c. c.) 

Tlie branches of the auditory nerve pass to certain parts only of 
the membranous labyrinth, viz. : the maculae of the utricle and 
saccule ; the cristaB of the ampullae, and along the whole length of the 
canal of the cochlea (the shaded parts in fig. 209). 
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At these places the lining epithelium is specially modified to form 
a sensory or nerve ■epithelium ; elsewhere it is a simple pavement- 
epithelium. 




The membranons aemicironlar oanalB and the ntriole and laooule 
are composed of fibrous ttasuc, which is adherent along one side to the 
endosteum of the bony canal ; from the opposite side bands of fibrons 
tissue paB9 acroRS the perilymph. Within the fibrous membrane is a 
thick clear tunica propria, which, in the semicircular canals, forms 
papillary elevationii in the interior of the tube (tiga. 271, 272). 

The places of entrance of the nerve-fibres into the ampullte are 
marked by a transverse, inwardly projecting ridge {crista), in the 
saccule and utricle by a thickening of the tunica propria {macula). 
The epithehum at these places is formed of columnar cells (fig. 273), 
which are surmounted by long, stiff, tapering hairs {auditory hairs, 
fig. 278, h), and to these hair-cells the axis -cylinders of the nerve-fibres 
paaa directly (fig. 274) ; they are therefore — like the rod- and cone- 
elements of the retina, the bipolar cells of the olfactory membrane, and 
the gustatory cells of the taste- buds — sensory or neural epithelium-cells. 
Between them are a number of thin and somewhat rigid nucleated 
cells (fibre-cells of Retzius, fig. 274, /), which rest upon the basement- 
membrane, and are connected at their free extremity with a cuticular 
membrane, through which the auditory hairs project. 

The auditory haira do not project free into the endolymph, but 
into a soft mucus-like substance, of a dome-like form, in the ampnllffi 
(fig. 27Sj, and which in the saccule and utricle has a mass of calcareous 
particles (otoliths) embedded in it. 
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Tbe eoehlea consists of a bony tube coiled epuwHy around an axis, 
wbicb is knovn as tbe columella (fig. 275^. Tbe tube is diiided 
longitudinally by a partition wbieb is formed partly by a projecting 




lamina of bone (spiral lamina), partly by a flat membrane [basilar 
mr.mhrane). into two parts or scala ; the upper (suppoaing the cochlea 
rewtiiig boHi) down wards) being termed tlie Bcala vcstibuli {fig. 276, s.v.) 
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the lower the scala tympani (s.t,) ; the latter is closed at its larger 
end by the membrane of the fenestra rotunda. The scalflB are lined by 
endosteum, and are filled with perilymph, continuous with that of the 
rest of the osseous labyrinth at the commencement of the scala vestibuli ; 
they communicate at the apex by a small opening, the helicotrema. 

The scala vestibuli does not occupy the whole of that part of the 
bony tube of the cochlea which is above the partition. Its outer third 
is cut off by a delicate connective-tissue membrane (membrane of 
Beissnevy fig. 276, i?), which springs from near the end of the 
spiral lamina, and passes upwards and outwards to the outer wall, thus 
separating a canal (D C) triangular in section, which is lined by epithe- 
hum, and represents the membranous labyrinth of the cochlea (caTial 
of the cochlea). 

Canal of the cochlea. The floor of the canal of the cochlea is 
formed (1) of the extremity of the spiral lamina, which is thickened 
above by a pecuhar kind of connective tissue, forming an overhanging 
projection known as the livibus (fig. 276, I) ; (2) of the^ basilar mem- 
brane (6.W.), which stretches across from the end of the bony lamina 
to the outer wall, and is attached to this by a projection of reticular 
connective tissue termed the spiral ligament (Lsp.) 

The basilar membrane is composed of stiff*, straight fibres, which 
extend from within out, and themselves rest on a homogeneous stratum. 
It is covered below by a layer of connective tissue continuous with the 
endosteum of the scala tympani ; above the modified epithelium which 
forms the organ of Corti rests upon it. It becomes gradually broader 
in the upper turns of the cochlea (rather more than twice as broad in 
the uppermost as in the lowermost turn), and its constituent fibres 
become therefore gradually longer. 

The organ of Corti consists of the following structures : 

1. The rods of Corti, two series (inner and outer) of stiff, striated 
fibres of a pecuhar shape, the inner rods somewhat like a human ulna, 
the outer like a swan's head and neck (fig. 277). They rest by one ex- 
tremity (the foot) on the basilar membrane a short distance apart, and 




Fig. 277. — A paiu of rods of Corti, from the rabbit's cochlea, in side 

VIEW. (Highly niagnitied.) 

b, 6, basilar membrane ; i.r. inner rod ; e.r. outer rod. The nucleated protoplasmic masses at 

the feet are also shown. 

are inclined towards one another, their larger ends (heads) being jointed 
together ; the series of rods thus enclose a sort of tunnel, the floor of 
which is formed by a part of the basilar membrane. Close to their 
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feet may osaaUy be seen the remainder of the cells from which the; 
have been formed. The inner rods are narrower and rather more 
nnmerons than the outer. Each onter rod has a process which extends 
outwards and is known as the phalangeal process. This forms part 
of— 

2. A retumlar lamina (fig. 279, l.r.), which ia a cnticnlar atraotore 
extending hke a wire-net over the outer epithetiDm -cells of the oi^^an 
of Gorti, and is composed of two or three series of stiff fiddle-shaped 
rings (phalanges) cemented together in sach a manner as to leave 
square or oblong apertures through which the hair-oeUa (see below) 
project. 

S. The outer hatT-cetU placed external to the rods of Gortl. These 
are epithelium -cells of columnar shape, arranged in three or four series 




(fig. 278, p, q, r). The free extremity of the cell is surmounted by a 
bundle of short azulitory hairs, and projects through one of the 
apertures in the retictdar lamina ; the fixed extremity is prolonged 
into a stiff cuticular proceaa (fig. 280, pf), which is attached to the 
basilar membrane. Between them are other supporting cells which 
are tapered in the same manner, resting by their larger end upon the 
basilar membrane, and prolonged above into a cuticular process which 
is attached to the reticular lamina {cells of Deiters, fig. 278, z). They 
are said by Waldeyer to be sometimes united with the outer hair-cells, 
BO as to form double cells. 

4. The inner hair-cells (fig. 278, i), placed internal to the rods of 



STRUCTURE OF THE CXX!HLEA 




Fig. 279. — Sexi- 



UDE. (Uuch 

extremity or on»t 
baaiLu membrufl ; 



His;totheriBht.liitheiectlDii 
the lomliLa, they an Bbova 
(jupylnBH<KDHl,orDlBlt,liithe 

tbs Innet rods of Corti ; *.!. 



upper layers. Portions 



From the guinea-pig. (Highly magnified.) 
'letB tfhich hATe Tematned attacbed to the oell ; b. hnL^eil 
11 ; p. basilar piocesa, protopLaamic above, bat becomiagf 



2W TIIE ESSESTIAUS OF HISTOUJGY 

Corti. They (ami a single series of colamnar cells snriDoaated bj 
aiulitfiry hairs, Ijiti" in close apposition to the inner rods. 

The rest of the epithelinm -cells have no important characteristics. 
They are long and colamnar next the oater hair-cells, bnt soon diminish 
in flizc, becoming cnbical, and in this form they are continned over 
the ooter wall of the cochlear canal. Here they cover a very Taecolar 
membrane dtria riucu/am.fig. 276, 4(r|, which is frequently pigmented; 
its capillary blood-vessels may even penetrate between the epitbelinm- 
cellfl. Internal to the inner hair-cells the epitheUnm also soon becomes 
cubical ; it is prolonged in this form over the limbns of the spiral 
lamina. The epithelium of Beissner's membrane is of the pavement 
variety. 

The Tnemhrana tectoria tfig. 276, M.t.) is a soft, fibrillated 
structure, which is attached along the upper surface of the limbus, and 
lien like a pad over the organ of Corti. It thins out towards the 
diHtal margin, here becoming somewhat reticular, and, according to 
lletzius, attached to the lamina reticularis. In sections it usually 
appears raise^l a short distance above the auditory hairs, but it is 
possible tliat it may rest upon them during life. 




The fibres of the cochlear branch of the auditory nerve enter the 
base of the columella, and run in canals through ite subatance, being 
gradually deflected outwards as tliey pass upwards into the spiral 
lamina, at the base of which they swell out into a ganglionic cord 
(spiral ganglion). 

After tnivursing the spiral lamina they emerge in bundles, and the 
fibres tliiin, having lost their medullary sheath, pass into the epithe- 
hum of tlie inner liair-ccll region. Here some of them are connected 
directly with the inner liair-cclls, whilst others pass in the form of 
delicate tibriltt aiiroas tlii< tunnel of Corti, to become connected with 
the outer hair-culls (lig. 276). 
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GMaral Wetltodi of Preferriiig and Hardening Tlifnet and OrganiJ — The 
fluids which are most commonly used are alcohol, chromic acid solution 
(1 in 500), picric acid solution (saturated), bichromate of potash solution 
(2 per cent.), Miiller*s fluid (bichromate of potash "2^ parts; sulphate of soda 
1 part ; water 100 parts), and bichromate of ammonia (2 per cent.) The 
following are the methods of hardening the several tissues and organs which 
are found to give the best general results : — 

Tissue or Organ Hardening Fluid 

Bladder Chromic acid. 

Blood-vessels .... Alcohol, or bichromate of potash. 

Brain Bichromate of ammonia. 

Elastic ligament . . . Bichromate of potash. 

Embryos Chromic acid or picric acid. 

Eye Miiller*s fluid. 

Eyelids Alcohol. 

Ganglia Picric acid. 

Heart Alcohol, or bichromate of potash. 

Injected organs . . . AlcohoL 

Intestine Distend with chromic acid. 

Kidney Bichromate of potash. 

Lachrymal gland . . . AlcohoL 

Larynx Chromic acid. 

Liver Bichromate of potash. 

Lung Distend with chromic acid. 

Mammary gland . . . AlcohoL 

Marrow of bone . . . AlcohoL 

Muscular tissue, striated . . Bichromate of potash. 

„ non-striated . Chromic acid. 

Nerve Picric acid. 

(Esophagus .... Distend with chromic acid. 

Ovary Chromic acid. 

Pancreas AlcohoL 

Retina Mttllor^s fluid. 

Salivary glands .... AlcohoL 

Sclerotic and cornea . . • Alcohol, or MttUer's fluid. 

Skin AlcohoL 

' Methods of preparation required for special purposes are given in the Lessons. 

R 
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Tissue or Organ Hardening Fluid 



Spinal cord 
Spleen 
Stomach . 

Suprarenal capsule . 

Tendon and ligament 

Testis . . . 

Thymus gland . 

Thyroid gland . 

Tongue 

Tonsils 

Trachea . 

Ureter 

Uterus 



Bichromate of ammonia. 

Bichromate of potash. 

Distend with chromic acid or with 

alcohol. 
Alcohol. 
AlcohoL 
AlcohoL 
Alcohol. 
Alcohol. 

Bichromate of potash. 
Alcohol. 
Chromic acid. 
Chromic acid. 
Chromic acid. 



Tissues to be hardened in alcohol may either be placed at once in strong 
spirit (90 per cent, alcohol), or the hardening may be effected gradually, the 
tissue being placed first in weak spirit (50 per cent.) for twenty-four hours, 
then in somewhat stronger, and finally in strong spirit or absolute alcohoL 
They are ready for cutting after having been twenty-four hours in strong 
spirit. 

For tissues that are to be hardened in \ per cent, chromic acid, an immer- 
sion of from 7 to 14 days is generally necessary ; they may then be washed 
with water, and placed in alcohol for preservation and to complete the pro- 
cess of hardening. 

Organs placed in bichromate of potash or Miiller's fluid are ready for 
sections in a fortnight or three weeks ; they may, however, be left for a much 
longer time in those fluids without deterioration. With picric acid the 
hardening process is generally complete in two or three days; the organs 
should then be washed for some hours under a tap and transferred to spirit. 

The hardening of the brain and spinal cord in bichromate of ammonia 
takes three or four weeks. These organs should not be left too long in the 
solution, since thoy are apt to become brittle, but sections should be prepared 
from them as soon as ready. 

In no case should the pieces of tissue to be hardened be too thick for the 
fluid readily to penetrate to every part. 

Embeddmg of Hardened Tiwnef , and Preparation of Seotionf . — Sections are 
most advantageously made with some form of microtome. It is generally 
needful to support the hardened tissue whilst it is being cut, and with this 
object it is embedded in some fatty or other substance which is applied to it 
in the fluid condition and becomes solid on standing. The embedding sub- 
stance can either simply enclose the tissue, or the tissue may be soaked in 
it : the latter method is the one most commonly employed. 

The embedding substance chiefly used is paraffin. 

Embedding in paraffin, — Before being soaked in melted paraffin, the 
piece of tissue is stained with borax-carmine or hematoxylin, dehydrated by 
absolute alcohol, and is then soaked in turpentine. From turpentine it is 
transferred to melted paraffin, which should not be too hot, and soaked in tliis 
for an liour or more, according to thickness. It is then placed in any desired 
position in a paper tray or on the microtome and surrounded by melted 
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paratiin. When cold, tliin sections can bo cut, the parattin dissolved out by 
tur^jontine, and the sections mounted. 

Prepa/ration of frozen sections. — The bichromate solutions are the best 
fluids to use for preserving tissues which are to be frozen in place of being 
embedded. The tissue in such cases should not be put into alcohol, but 
merely requires to be dipped in strong g^um before being placed upon the 
freezing microtome. Portions of the central nervous system need to be 
soaked in gum to which a Uttle syrup has been added. 

Staining and mounting of sections, — The fluids most conmionly employed 
for the staining of sections are : — 1. A dilute watery solution of hcematoxylin 
and alum ; 2. A solution of carmine ; 8. A solution of picro-carminate of am- 
monia. The time of immersion in the staining fluid varies according to the 
strength of the fluid and the mode by which the tissue has been hardened. 
The necessity of staining sections may be avoided if the piece of tissue is 
stained in bulk before embedding. For this purpose a carmine solution is 
mostly used, on account of its penetrative power, that known as borax-carmine 
being the best. The tissue must be left in it for twenty -four hours or more, 
and then placed in acidulated alcohol. An alcoholic solution df magenta can 
be used for staining in bulk ; from this the tissue goes into a small quantity 
of oil of cloves or into turpentine, and, after being soaked with this, into the 
melted paraflm. 

If the tissues have not been stained in bulk, the following is the order of 
transference of the sections (they are supposed, if cut from paraffin, to have 
been freed from this by immersion in turpentine) : — 

1. From turpentine to absolute alcohol (5 minutes). 

2. From alcohol to distilled water (^ minute). 

8. From distilled water to heematoxylin or carmine (5 minutes or more). 

4. From hsematoxylin to distilled water (i minute). 

5. From distilled water to alcohol (2 or 8 minutes). 

6. From alcohol to oil of cloves (1 minute). 

7. From oil of cloves to Canada balsam. 

If the tissues have already been stained in bulk, the sections are simply 
mounted in Canada balsam after the paraflm used for embedding has been 
dissolved away from them in turpentine. 

Creosote-shellac method of mounting, — Friable sections, such as sections 
of small embryos, and ribands of sections such as are cut with many micro- 
tomes, are mounted in the following way : — The slide is smeared with a solu- 
tion of shellac in creosote, the sections are placed in this and warmed so as to 
melt their paraffin. They are thus fixed by the shellac, and the slide can be 
immersed in turpentine to remove the paraffin, and the sections then covered 
in Canada balsam. For this method the tissue should always have been pre- 
viously stained in bulk. 

Solutions employed for Staining : — 1. Solution of hcematoxyUn in water, — 
Bub together in a mortar 10 granunes of powdered alum and 5 grammes of 
extract of hsBmatoxyUn with 25 cubic centimeters of 70 per cent, alcohol, 
gradually adding 100 cubic centimeters of distilled water. Decant into a 
bottle and add a drop or two of anunonia. Let the mixture stand a few 
days, occasionally shaking it. For staining, add two or three drops to a 
watch-glass full of distilled water, and filter if necessary. 

2. Orenacher's hematoxylin, — To 150 cubic centimeters of a saturated 
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solution of almn in water, add 4 enbic centimeters of saturated solation of 
haematoxylin in alcohol. Let the mixture stand 8 days, then decant, and 
add 25 cubic centimeters of glycerine, and 25 cubic centimeters of methylic 
alcohoL 

3. Kleinenberg*8 Juematoxylin, — ^This serves better for staining in bulk. 
Saturate 70 per cent, alcohol first with calcium chloride and then with alum, 
and after filtration add six to ei^t volumes of 70 per cent. alcohoL 

Take a fi-eshly prepared saturated solution of hematoxylin in absolute 
alcohol, and add it drop by drop to the above mixture until it is of a distinct 
purplish ct^our. 

This solution improves on keeping. It may if necessary be diluted with 
more of the mixture. 

Wlien hematoxylin solutions become red instead of blue, a trace of 
anmionia will restore the requisite colour. 

4. Carminate of ammonia, — Prepared by dissolving carmine in ammonia 
and allowing the excess of ammonia to escape by slow evaporation. The 
salt should be ^owed to dry and be dissolved in water as required. 

5. PicrO'Carminate of ammonia {picro-carmine). — ^To a saturated solution 
of picric acid add a strong ammoniacal solution of carmine, imtil a precipitate 
begins to form. Evaporate on the water-bath to |th ; filter from the sedi- 
ment and evaporate the filtrate to dryness. Make a 5 per cent, solution of 
the residue, diluting further as required. 

6. Bora^-carmine. — a. Dissolve 4 grammes borax and 8 grammes 
carmine in 100 cubic centimeters of warm water. Add 100 cubic centimeters 
of 70 per cent, alcohol, filter and let stand. This solution improves on keep- 
ing. It is useful for staining in bulk. 

/S. Boil 0*5 gramme carmine and 1 gramme borax in 100 cubic centi- 
meters water. Filter and add acetic acid drop by drop until the original 
violet colour becomes crimson ; then filter once more. This solution is used 
for staining sections. 

After staining with borax-carmine, the tissue should in all cases be placed 
in 70 per cent, alcohol containing 5 drops of hydrochloric acid to 100 cubic 
centimeters. 

7. Magenta, — This may be kept in solution in alcohol (0*5 to 1 per cent.) 
For firesh tissues and for sections to be mounted in glycerine, an excellent 
staining fluid is obtained by adding one or two drops to a watch-glass of water. 
For sections to be mounted in Canada balsam a solution in oil of cloves is 
used. This is best made by adding a drop of the alcohoUc solution to a little 
oil of cloves in a watch-glass : the sections after being stained are washed 
in spirit of turpentine. 

8. Gentian violet,, — Mix 20 cubic centimeters water with 10 cubic centi- 
meters alcohol and 10 cubic centimeters glycerine, and add to the mixture 
10 drops of a 1 per cent, solution of gentian violet in alcohol and 10 drops 
of a 25 per cent, solution of formic acid in water. 

This solution gives excellent results with fi:esh tissues, especially with 
epithelium. 

9. Safranin, — A saturated alcoholic solution is used for staining cell* 
nuclei. The tissue elements havmg been fixed by dilute chromic acid or by 
alcohol, small shreds or thin sections are placed for 12 to 24 hours in a little 
of the solution, mixed with half its bulk of water. The shreds are rinsed in 
absolute alcohol (which must contain no trace of free acid) until the colour is 
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washed out from everything except the nuclei ; they are then at once trans- 
ferred to iorpentine, and from this are mounted in Canada balsam. 

10. Aniline blue-black. — Dissolve 1 gramme of aniline bine-black in a 
mixture of 80 parts of water with 20 of alcohoL This serves for staining the 
central nervous system either in bulk or in sections. 

11. Stemming with chloride of gold, — a. Cohnheim's method. — Place the 
fresh tissue for from 80 to 60 minutes m i per cent, solution of chloride of 
gold ; then wash and transfer to a large quantity of water just acidulated 
with acetic acid. Keep for 2 or 8 days in the light in a warm place. 

^. LowiVs method. — Place small pieces of the fresh tissue in a mixture 
of 1 part of formic acid to 2 to 4 parts of water for ^ to 1 minute ; then in 
1 per cent, chloride of gold solution for 10 to 15 minutes ; then back again into 
the formic acid mixture for 24 hours and then into pure formic acid for 24 
hours more. After removal from the gold, and whilst in the acid, the tissue 
must be kept in the dark. 

y. Banvier*8 method. — Inmierse in lemon-juice for 5 to 10 minutes, then 
wash with water and place in 1 per cent, gold chloride solution for 20 minutes. 
Then treat either as in Cohnheim*s or in Lowit^s method. 

12. Stmning with nitrate of tilver, — Wash the fresh tissue with distilled 
water; immerse in ^ to 1 per cent, nitrate of silver solution for 5 to 10 
minutes ; rinse with distilled water and expose to bright sunlight either in 
water, alcohol, or glycerine. 

Xoimtiiig Solntioiu : — 1. Saline solution. — A 0*6 per cent, solution of 
common salt is used in place of serum for mounting fresh tissues for inmie- 
diate examination. 

2. A mixture of glycerine and water in equal parts. 

8. Farra/nt*8 solution. — Take a mixture of equal parts of glycerine and 
saturated watery solution of arsenious acid, and stir gum arabic with it until a 
thick syrupy fluid is formed. Filter. 

4. Canada balsam, from which the volatile oils have been driven off by 
heat, dissolved in benzole. 
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STRUCTURE OF THE COCHLEA 




THE ESSENTIALS OF HISTOLOGY 

Tbe cochlea consists of a bony tube coiled spirally aroaud an a 
wLicb is kuowu as the columella (£g. 275). The tube is divide 
longitudinally by a partition wliicli ia formed partly by a projecting 




lamina of bone {spiral lamina), partly fay a ilat membrane (i 
viembrane}, into two parts or scalef ; the upper {supposing the coo 
resting base downwards ) being teniiedtlie scala vestibuli Ifig. 27fl, i 
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the lower the scala tympani {s,t,) ; the latter is closed at its larger 
end by the membrane of the fenestra rotunda. The scala) are hned by 
endosteum, and are filled with perilymph, continuous with that of the 
rest of the osseous labyrinth at the commencement of the scala vestibuli ; 
they communicate at the apex by a small opening, the helicotrema. 

The scala vestibuli does not occupy the whole of that part of the 
bony tube of the cochlea which is above the partition. Its outer third 
is cut off by a delicate connective- tissue membrane (memhrajie of 
Beissner, fig. 276, B), which springs from near the end of the 
spiral lamina, and passes upwards and outwards to the outer wall, thus 
separating a canal (D C) triangular in section, which is lined by epithe- 
lium, and represents the membranous labyrinth of the cochlea (cmial 
of the cochlea). 

Canal of the cochlea. The floor of the canal of the cochlea is 
formed (1) of the extremity of the spiral lamina, which is thickened 
above by a peculiar kind of connective tissue, forming an overhanging 
projection known as the limhus (fig. 276, I) ; (2) of the, basilar mem- 
brane (6.m.), which stretches across from the end of the bony lamina 
to the outer wall, and is attached to this by a projection of reticular 
connective tissue termed the spiral Ugaineiit (Lsp.) 

The basilar membrane is composed of stift*, straight fibres, which 
extend from witlim out, and themselves rest on a homogeneous stratum. 
It is covered below by a layer of connective tissue continuous with the 
endosteum of the scala tympani ; above the modified epithelium which 
forms the organ of Corti rests upon it. It becomes gradually broader 
in the upper turns of the cochlea (rather more than twice as broad in 
the uppermost as in the lowermost turn), and its constituent fibres 
become therefore gradually longer. 

The organ of Corti consists of the following structures : 

1. The rods of Corti, two series (inner and outer) of stiff, striated 
fibres of a peculiar shape, the inner rods somewhat like a human ulna, 
the outer like a swan's head and neck (fig. 277). They rest by one ex- 
tremity (the foot) on the basilar membrane a short distance apart, and 




Fig. 277. — A pair of rods of Corti, from tiik raiibit's (hkhlea, in side 

viKW. (Highly magnified.) 

6, 6, basilar membrane ; i,r. inner rod ; e.v. outer rod. The nucleated protoplasmic masses at 

the feet are also shown. 

are inclined towards one another, their larger ends (heads) being jointed 
together ; the series of rods thus enclose a sort of tunnel, the floor of 
which is formed by a part of the basilar membrane. Close to their 
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feet may usually be seen the remainder of the cells from which they 
have been formed. The imier rods are narrower and rather more 
numerous than the outer. Each outei rod has a process which extends 
outwards and is known as the phalangeal process. This forms part 
of— 

2. A reticular lamina (fig. 279, l.r.), which is a cuticular atracture 
extending like a wire-net over the outer epithelium-cellB of the organ 
of Corti, and is composed of two or three series of stiff fiddle-shaped 
rings (phalanges) cemented together in such a manner as to leave 
square or oblong apertures through which the hair-cells (see below) 
project. 

3. The outer hair-cells placed external to the rods of Corti. These 
are epithelium -cells of columnar shape, arranged in three or four series 




(fig. 278, p, q, r). The free extremity of the cell is Burmouuted by a 
bundle of short auditory hairs, and projects through one of the 
apertures in the reticular lamina ; the fixed extremity is prolonged 
into a stiff cuticular process (fig. 280, pf), which is attached to the 
basilar membrane. Between them are other supporting cells which 
are tapered in the same manner, resting by their larger end upon the 
basilar membrane, and prolonged above into a cuticular process which 
is attached to the reticular lamina [cells of Deiters, fig. 278, «). They 
are said by Waldeyer to be sometimes united with the outer hair-cells, 
so as to form double celts. 

4. The inner hair-cells (fig. 278, i), placed internal to the rods of 
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Antarctic Regions of the Globe. Maps, 
Plates, and Woodcuts. 8vo. lOf. dd. 

The Arctic Regions (extracted from 

the * Polar World *). 4to. 6d. sewed. 

The Subterranean World. With 

Maps and Woodcuts. 8vo. lor. dd. 

The Aerial World; a Popular 

Account of the Phenomena and Life of 
the Atmosphere. Map, Plates, Wood- 
cuts. 8vo. iQs. dd. 

HASSALL. — Works by Arthur 
Hill Hassall, M.D. 

Food ; its Adulterations and the Me- 
thods for their Detection. Illustrated. 
Crown 8vo. 2^, 

San Remo, climatically and medically 
considered. With 30 Illustrations. Crown 
8vo. 5j. 

HAUGHTON. — 5/jr Lectures on 

Physical Geography, delivered in 1876, 
with some Additions. By the Rev. Samuel 
Haughton, F.R.S. M.D. D.C.L. With 
23 Diagrams. 8vo. 15^'. 

HAVELOCK. — Memoirs of Sir 
Henry Havelock, K.C.B. . By John 
Clark Marshman. Crown 8vo. y. dd. 

HAWARD.—^ Treatise on Or- 
thopaedic Surgery. By J. Warring- 
ton Haward, F.R.C.S. Surgeon to St. 
George's Hospital. With 30 Illustrations 
engraved on Wood. 8vo. I2j. dd. 
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HELMHOLTZ.— /bpC^/^/i/? Lectures 

ON Scientific Subjects, By Profeaior 
Helmholtz. Translated alid edited by 
Edmund Atkinson, Ph.D. F.C.S. 
With a Preface by Professor Tyndall, 
F.R.S. and 68 Woodcuts. 2 vols. 
Crown 8vo. 15J. or separately, 7j. 6d, each. 

HERSCHEL. — Outlines of Astro- 
nomy, By Sir J. F. W. Herschel, 
Bart. M.A. With Plates and Diagrams. 
Square crown 8vo. I2J, 

HEWITT. — Works bv Graily 
Hewitt^ M,D, 

The Diagnosis and Treatment 
OF Diseases of Women, including 
the Diagnosis of Pregnancy, New 
Edition, in great part re-written and 
much enlarged, with 211 Engravings on 
. Wood, of which 79 are new in this Edi- 
tion. 8to. 24J. 

The Mechanical System of Ute- 
rine Pathology, With 31 Life-size 
Illustrations prepared expressly for this 
Work. Crown 4to. ^s, (id, 

HICKSON. — Ireland in the 
Seventeenth Century; or, The Irish 
Massacres of 1 64 1-2, thejr Causes and 
Results. Illustrated by Extracts from the 
unpublished State Papers, the unpublished 
MSS. in the Bodleian Library, Lambeth 
Library, &c. ; a Selection from the unpub- 
lished Depositions relating to the Massa- 
cres, and the Reports of the Trials in the 
High Court of Justice, 1652-4, from the 
unpublished MSS. By Mary Hickson. 
With a Preface by J. A. Froude, M.A. 

2 vols. 8vo. 28f. 

HOBART. — The Medical Language 
of St, Luke: a Proof from Internal 
Evidence that St. Luke's Gospel and the 
Acts were written by the same person, 
and that the writer was a Medical Man. 
By the Rev. W. K. HoBART, LL.D. 
8vo. i6j. 

HOLMES. — A System of Surgery, 

Theoretical and Practical, in localises by 
various Authors. Edited by Timothy 
Holmes, M.A. Surgeon to St. George's 
Hospital ; and J. W. Hulke, F.R.S. 
Surgeon to the Middlesex Hospital. In 

3 Volumes, with Coloured Plates and 
Illustrations on Wood. 3 vols, royal 8vo. 
price Four Guineas. 

HORACE. — Horatii Opera, Library 
Edition ; the Text carefully corrected, 
with Notes, Marginal References, and 
Various Readings. Edited by the Rev. 
T. E. YoNGE, M.A. Assistant Master, 
Eton, 8vo, 2 IS, 



HOMER. — The Iliad of Homer^ 

Homometrically translated by C. B. Cay- 
ley. 8vo. I2J. dd. 

The Iliad of Homer, The Greek 

Text, with a Verse Translation, by W. C. 
Green, M.A. Vol. I. Books L-XII. 
Crown 8vo. ds, 

HOPKINS. — Christ the Consoler; 

a Book of Comfort for the Sick. By 
Ellice Hopkins. Fcp. 8vo. zs, 6d, 

HORSES AND ROADS ; or How to 

Keep a Horse Sound on His Legs. By 
Free-Lance, Crown 8vo. 6s. 

HORT. — The New Pantheon, or an 

Introduction to the Mythology of the 
Ancients. By W. J, HoRT. i8mo. 
2s, 6d, 

KOWITT.— Visits to /Remarkable 
Places, Old Halls, Battle-Fields, Scenes 
illustrative of Striking Passages in English 
History and Poetry. By William 
HowiTT. With 80 Illustrations engraved 
on Wood. Crown 8vo. ys, 6d, 

HULLAH. — Works by John Nul- 
lah, LL,D. 

Course of Lectures on the His- 
tory OF Modern Music, 8vo. 8j. 6d, 

Course of Lectures on the Tran- 
sition Period of Musical History, 
8vo. los, (yd, 

HULHE. — Ar t-Instr uction in Eng- 
land, ByF. E. HuLME, F.L.S. F.S.A. 
Fcp. 8vo. 3J, 6d, 

HUME. — The Philosophical Works 
OF David Hume, Edited by T. II. 
Green, M.A. and the Rev. T. II. 
Grose, M.A. 4 vols. 8vo. $6s. Or 
separately. Essays, 2 vols. 28J. Treatise 
on Human Nature. 2 vols. 28^. 

liMS^kYU). — Examination Ques^ 

TioNs IN Anatomy, Physiology, Bo* 
TANY, Materia Medic a, Surgery^ 
Medicine, Midwifery, and State* 
medicine. Arranged by H. A. Hus- 
band, M.B. M.C. M.R.C.S. L.S.A. &c 
32mo. 4J. (id, 

\^^^\SyV.— Poetical Works of 

JeanIngelow, New Edition, reprinted, 
with Additional Matter, from the 23rd 
and 6th Editions of the two volumes 
respectively. With 2 Vignettes. 2 vols. 
Fcp. 8vo. I2J. 
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IN THE OLDEN TIME.— A Novel. 

By the Author of ' Mademoiselle Mori. 
Crown 8vo. ds, 

JAMESON. — Works by Mrs, Jame 

SON. 

Legends of the Saints and Mar- 
tyrs, With 19 Etchings and 187 Wood- 
cuts. 2 vols. 3 1 J. 6d. 

Legends of the Madonna^ the 

Virgin Mary as represented in Sacred 
and Legendary Art. With 27 Etchings 
and 165 Woodcuts. I vol. 21s, 

Legends of the Monastic Orders. 

With II Etchings and ^^ Woodcuts. 
I vol. 2 1 J*. 

HiSTOR Y OF THE Sa viour, Hls Types 

and Precursors. Completed by Lady 
Eastlake. With 13 Etchings and 281 
Woodcuts. 2 vols. 42/. 

JEFFERIES.— W^c?/f AT^ BY Richard 
Jefferies. 
The Story of My Heart: My 

Autobiography. Crown 8vo. 5s. 

Red Deer. Crown 8vo. 4?. 6d. 

JOHNSON.— r^is: Fa tentee's Man- 
ual ; a Treatise on the Law and Practice 
of Letters Patent, for the use of Patentees 
and Inventors. By J. Johnson and J. 
H. Johnson. 8vo. lOf. M. 

JOHNSTON.—-^ General Diction- 
ARY OF Geography^ Descriptive, Physi- 
cal, Statbtical, and Historical ; a com- 
plete Gazetteer of the World. By Keith 
Johnston. Medium 8vo. 42J. 

JONES. — The Health of the 
Senses: Sight^ Hearing, Voice, 
Smell and Taste, Skin ; with Hints 
on Health, Diet, Education, Health Re- 
sorts of Europe, &c. By H. Macnaugh- 
TON Jones, M.D. Crown 8vo. 3^. 6d, 

JUKES. — Works by the Rev. An- 
drew Jukes. 

The New Man and the Eternal 
Life. Crown 8vo. 6j. 

The Types of Genesis. Crown 
8vo. 7j. 6</. 

The Second Death and the Re- 
stitution of all Things. Crown 8vo. 
3J. 6</. 

The Mystery of the Kingdom. 

Crown 8vo. 2x. 6d. 

JUSTINIAN.— TV^ Institutes of 
Justinian; Latin Text, chiefly that of 
Huschke, with English Introduction, 
Translation, Notes, and Summaiy. By 
Thomas C. Sandars, M.A. Barrister- 
at-Law. 8vo. \%s. 



KALISCH. — Works by M. M. 

Kalisch, M.A. 
Bible Studies. Part I. The Pro- 

fhecies of Balaam. 8vo. lor. dd. Part 
I. The Book of Jonah. 8vo. lor. 6^. 
Commentary on the Old Testa- 
ment; with a New Translation. Vol. I. 
Genesis, 8vo. i8j. or adapted for the 
General Reader, \2s. Vol. II. Exodus, 
1 5 J. or adapted for the General Reader, 
I2J. Vol. III. Leviticus, Part I. 15J. or 
adapted for the General Reader, %s. 
Vol. IV. Leviticus, Part 11. 15^. or 
adapted for the General Reader, %5, 

KANT. — Critique of Practical 

Reason, and other Works on the Theory 
of Ethics. By Emmanuel Kant. 
Translated by Thomas Kingsmill Abbott, 
B.D. With Memoir and Portrait. 8vo. 
\2J. dd. 

KEARY. — Outlines of Primitive 
Belief among the Indo-European 
Kaces. By Charles F. Keary, M.A. 
8vo. i8f. 

KELLER. — The Lake Dwellings 
of Switzerland, and other Parts of 
Europe. By Dr. F. Keller, President 
of the Antiqikarian Association of Zurich* 
Translated and arranged by John E. 
Lee, F.S.A. F.G.S. 2 vols, royal 8vo. 
with 206 Illustrations, 42J. 

KERL. — A Practical Treatise on 
Metallurgy. By Professor Kerl. 
Adapted from the last German Edition by 
W. Crookes, F.R.S. &c. and E. Rohrig, 
Ph.D. 3 vols. 8vo. with 625 Woodcuts, 

KILLICK. — Handbook to Mill's 
System of Logic. By the Rev. A. H. 
KiLLiCK, M.A. Crown 8vo. 3^, 6d» 

KOLBE. — A Short Text-book of 
Inorganic Chemistry. By Dr. Her- 
mann KoLBE. Translated from the 
German by T. S. Humpidge, Ph.D. 
With a Coloured Table of Spectra and 
66 Illustrations. Crown 8vo. 7^. 6^. 

LANG. — Works by Andrew Lang^ 

late Fellow of Merton College. 

Custom and Myth; Studies of Early 

Usage and Belief. With Illustrations. 
Crown 8vo. *js. dd. 

The Princess Nobody: a Tale of 

Fairyland. After the Drawings by 
Richard Doyle, printed in colours by 
Edmund Evans. Post 4to. ^r. boards. 
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\4K\^^iKKL. — Works by Robert G, 
Latham, M,A, M,D. 
A Dictionary of the English 
Language, Founded on the Dictionary 
of Dr. Johnson. Four vols. 4to* £t, 
A Dictionary of the English 
Language, Abridged from Dr. Latham's 
Edition of Johnson's Dictionary. One 
. Volume. Medium 8vo. 14J. 

Handbook of the English Lan- 
guage, Crown 8vo. dr. 

LECKY.— Works byW,E,H, Lecky. 
History of England in the i^th 
Century, 4 vols. 8vo. 1 700-1 784, 
£Z, 12s, 
TheHistor yof European Morals 
prom Augustus to Charlemagne, 
2 vols, crown 8vo. i6s. 

History OF the Rise and Influ- 
ence op the Spirit op Rationalism 
IN Europe, 2 vols, crown 8vo. i dr. 

Leaders of Public Opinion in 

Ireland, — Swift, Flood, Grattan, 
O'Connell. Crown 8vo. *js, 6d, 

LESLIE. — Essays in Political and 
Moral Philosophy, By T. E. Cliffe 
Leslie, Barrister-at-Law. 8vo. lor. 6d, 

LWHES.—The History of Philo- 

SOPHYy from Thales to Comte. By 
George Henry Lewes. 2 vols. 8vo. 

Z2S. 

LEWIS. — On the Influence of 
Authority IN Matters op Opinion, 
By Sir G. C. Lewis, Bart. 8vo. 14J. 

LINDLEY and MOORE. — The 

treasury of Botany, or Popular 
Dictionary of the Vegetable Kingdom. 
Edited by J. Lindley, F.R.S. and T. 
Moore, F.L.S. With 274 Woodcuts 
and 20 Steel Plates. Two Parts, fcp. 
8vo. 12S, 

LITTLE. — On In- knee Distortion 

(Genu Valgum) : Its Varieties and Treat- 
ment with and without Surgical Opera- 
tion. By W. J. Little, M.D. Assisted 
by Muirhead Little, M.R.C.S. With 
40 Illustrations. 8vo. 7^. 6^. 

LIVEING. — Works by Robert Live- 
ING^ M,A, and M,D, Cantab, 
Handbook on Diseases of the 

Skin. With especial reference to Dia- 
gnosis and Treatment. Fcp. 8vo. fj. 

Notes on the Treatment of Skin 

Diseases, i8mo. 3^. 
Ji/,/i/'//AJvr/Asis Gr/ecorum^ or 
7/h/e Leprosy. Crown 8vo. 4J. 6(/. 



LLOYD. — A Treatise on Magnet- 

iSMy General and Terrestrial. By H. 
Lloyd, D.D. D.C.L. 8vo. \os, dd, 

LLOYD. — The Science of Agricul- 
ture, By F. J. Lloyd. 8vo. I2j. 

liO^GlUM.— Works by William 

Longman^ F,S,A, 

Lectures on the History of 
England from the Earliest Times to the 
Death of King Edward II. Maps and 
Illustrations. 8vo. 15^. 

History of the Life and Times 
op Edward III, With 9 Maps, 8 
Plates, and 16 Woodcuts. 2 vols. 8vo. 2&r. 

LONGMAN. — Works by Frederick 

W, LoNGMAN^Balliol College^ Oxen, 

Chess Openings. Fcp. 8vo. 2s, 6d, 

Frederick the Great and the 
Seven Years* War, With 2 Coloured 
Maps. 8vo. 2s, 6d. 

A New Pocket Dictionary of 
THE German and English Lan- 
guages, Square i8mo. ^s, 

LONGMAN'S MAGAZINE. Pub- 

lished Monthly. Price Sixpence. 
Vols. 1-4, 8vo. price 5^. each. 

LONGHOBE. — Gunshot Injuries ; 

Their History, Characteristic Features, 
Complications, and General Treatment. 
By Surgeon-General T. Longmork, C.B. 
F.R.C.S. With 58 Illustrations. 8vo. 
price 3IJ. 6d, 

LOJJDOti.— Works by J. C.Loudon^ 

F,L,S, 

Encyclopaedia of Gardening ; 

the Theory and Practice of Horticulture, 
Floriculture, Arboriculture, and Land- 
scape Gardening. With 1,000 Woodcuts. 
8vo. 2lS, 

Encyclopaedia of Agriculture; 

the Laying-out, Improvement, and 
Management of Landed Property ; the 
Cultivation and Economy of the Produc- 
tions of Agriculture. With i,ioo Wood- 
cuts. 8vo. 2lS. 

Encyclopedia of Plants; the 

Specific Character, Description, Culture, 
History, &c. of all Plants found in Great 
Britain. With 12,000 Woodcuts. 8vo. 42;. 

LUBBOCK.— 7i¥^ Origin of Civili- 
zation and the Primitive Condition 
op Man, By Sir J. Lubbock, Bart. 
M.P. F.R.S. 8vo. Woodcuts, i8f. 

LYBA GEBMANICA ; Hymns Trans- 

lated from the German by Miss C 

WiNKWORTH. Fcp. 8vO. 5^. 



LOIJGMaNS & CO.'S LIST OF GENERAL AND SCIENTIFIC BOOKS. H 



y V-^ X. ^ X. ' 



-'V^' x.XV*'"^ 



■ V.A"V.^ -v-^'X •*• 



/X •'>.^^ , ^ ^ • 



. r X ^"X_^X yxVx.xx yx^x^ x.> ■ 



HACALISTER, — ^-a^ Introduction 
TO THE Systematic Zoology and 
Morphology of Vertebrate Ani- 
mals, By A. Macalister, M.D. 
With 28 Diagrams. 8vo. los, 6d, 

JILKCkaLkX.— WORKS AND 
LIFE OF LORD MAC A ULA K 

HISTOR V OF ENGLAND from 
THE Accession of James the Second: 
Student's Edition, 2 vols, crown 8vo. 12s, 
People's Edition, 4 vols, crown 8vo. i6s, , 
Cabinet Edition, 8 vols, post .8vo. 48J, 
Library Edition, 5 vols. 8vo. £^, 

CRITICAL AND HISTORICAL 

ESSA YS: 
Cheap Edition, I vol. crown 8vo. 2j. 6d, 
Student's Edition, i vol. cro'wn 8vo. 6s\ 
People's Edition, 2 vols, crown 8vo. 8^. 
Cabinet Edition, 4 vols, post 8vo. 24J. 
Library Edition, 3 vols. ovo. 36J. 

LA YS OF ANCIENT ROME, arc. 

Illustrated by G. Scharf, fcp. 4to. los, 6d, 
Popular B^ition, 

fcp. 4to". 6d, sewed, is, cloth. 
Illustrated by J. R. Weguelin; crown ^vo. 

3^ . 6d, cloth extra, giU edges. 
Cabinet Edition, post 8vo- 3^. 6^. 
Annotated Edition, fcp. 8vo. is, sewed, 

is, 6d, cloth,, or 2s, 6d, cloth extra, gilt 

^dges. 

ESSA YS which may be had separ- 
ately price 6ei, each sewed, is, «ach doth : 

Addison and Walpole. 

Frederick the Great. 

Croker's Boswell's Johnson. 

Hallam's Constitutional History. 

Warren Hastings. 

The Earl of Chatham (Two Essays). 

Ranke and Gladstone. 

Milton and Machiavelli. 

Lord Bacon. 

Lord Clive. 

Lord Byron, and The Comic Dramatists of 
the Restoration. 

The Essay on Warren Hastings annotated 

by S. Hales, is, 6d, 
The Essay on Lord Clive annotated by 

H. COURTHOPE-BOWEN, M.A. 2J, 6^. 

SPEECHES: 

People's Edition, crown 8vo. 3^. 6d, 

MISCELLANEOUS WRITINGS 

Library Edition, 2 vols. 8vo. Portrait, 21s, 
People's Edition, i vol. crown 8vo. 4J. 6d, 

SELECTIONS FROM THE 

Writings of Lord Mac aula y. Edi- 
ted, with Occasional Notes, by the Right 
Hon. G. O. Trevelyan, M.P. Crown 
8vo. 6s, 

[Continued above. 



MACAULAY —WORKS A ND 
LIFE OF LORD MA CA ULA Y 

— continued. 

MISCELLANEOUS WRITINGS 

AND Speeches: 

Student's Edition, in One Volume, crown 
8vo. dr. 

Cabinet Edition, including Indiaa Penal 
Code, Lays of Ancient Rome, and Mis- 
cellaneous Poems, 4 vols, post 8vo. 341. 

THE COMPLETE WORKS of 

Lord Mac aula y. Edited by hi§ Sister, 

Lady Trevelyan. 
Library Edition, with Portrait, 8' vols. 

demy 8vo. £^^, ^s. 
Cabinet Edition, 16 vols, post 8vo, ^^4. i6j. 

THE LIFE AND LETTERS of 

Lord Macaulay, By the. Right Hon. 

G. O. Trevelyan, M.P. 
Popular Edition, i vol. crown 8vo. 4f, 
Cabinet Edition, 2 vols, post "Svo. I2s, 
Library Edition, 2 vols. 8vo. with Portrait, 

36J. 

}A.kZY kSSSX^.— Lectures on Har- 

MONYy delivered at the Royal Institution. 
By G. A. Macfarren. 8vo. I2j. 

MACKENZIE.-- (?ivr ti^eUse of the 
Laryngoscope in Diseases of the 
Throat ; with an Appendix on. Rhino- 
scopy. By Morell Mackenzie, M.D. 
Lotad. . With"47 Woodci^ lUttstt^ons. 
8vo. 6jr .' . 

JUkCLEfSD^—WoRK^ BY Henry D. 
Macleod^ M,A, 

Principles of Economical Philo- 
sophy, In 2. vols. Vol. J[.,8v40., iSj". 
Vol. II. Part i. 12s, . , \ .. 

The Elements of Economics, In 
2 vols. Vol. I. crown 8vo. 7j. 6^. 

The Elements of Banking, 
Crown 8vo. <,s. 

The Theory and Practice of 
Banking. Vol, I. 8vq. i;^, . Vol. II. 
nearly ready. 

Elements of Political Economy. 
8vo. i6j. 

Economics for Beginners,. 8vo. 

2s, 6d, 

Lectures qn Credit and Banking. 
8vo. 5j. 

HACNAMARA. — Himalayan and 

SUB'HiMALA YAN DISTRICTS OF BRITISH 

India, their Climate, Medical Topo- 
graphy, and Disease Distribution. By 
F. N. Macnamara, M.D. With Map 
and Fever Chart, 8vo. 21s, 
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Mcculloch. — the dictionary 

OP Commerce and Commercial Navi- 
gation of the late J. K. McCulloch, 
of H.M. Stationery Office. Latest Edi- 
tion, containing the most recent Statistical 
Information by A. J, Wilson, i vol. 
medium 8vo. with 1 1 Maps and 30 Charts, 
price 63J. cloth, or 70J. strongly half- 
bound in russia. 



MAHAFFY.— ^ History of Clas^ 
siCAL Grbbk Literature, By the Rev. 
T. P. Mahaffy, M.A. Crown 8vo. 
Vol. I. Poets, 7j. (id. Vol. II. Prose 
Writers, 7x. 6fl?L 



IkKlXSlSBMWl.— Memoirs of an 

Ex-minister: an Autobiography. By 
theEarlofMALMESBURY, G.C.B. 2 vols. 
8vo. 32f. 

MANNING.— ^iViff Temporal Mis- 
SIGN OP THE Holy Ghost ; or, Reason 
and Revelation. By H. E. Manning, 
D.D. Cardinal- Archbishop. Crown 8vo. 
8j. 6</. 

mtXfYXilLKXi.-' Works by James 
Martineau^ D.D. 

Hours of Thought on Sacred 
Things. Two Volumes of Sermons. 
2 vols, crown 8vo. Js. 6d. each. 

Endeavours AFTER the Christian 

Life, Discourses. Crown 8vo. 7^. 6d. 

MAUNDER'S TREASURIES. 

Biographical Treasury. Recon- 
structed, revised, and brought down to 
the year 1882, by W. L. R. Cates. 
Fcp. 8vo. 6s. 

Treasury of Natural History; 

or, Popular Dictionary of Zoology. Fcp. 
8vo. with 900 Woodcuts, 6s. 

Treasury of Geography^ Physical, 
Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates. Fcp. 8vo. dr. 

Historical Treasury , Outlines of 

Universal History, Separate Histories of 
all Nations. Revised by the Rev. Sir G. 
W. Cox, Bart. M.A. Fcp. 8vo. 6s. 

Treasury of Knowledge and 
Library op Reference. Comprising 
an English Dictionary and Grammar, 
Universal Gazetteer, Classical Dictionary, 
Chronology, Law Dictionary, &c. Fcp. 
8vo. 6s, 

Scientific and Literary Trea- 
scAff}': a l*opular Encyclopaedia of Science, 
Literature, and Art, Fcp. 8vo. 6s. 



MAXWELL.— Don /ohn of Aus- 
tria ; or, Passages from the History 
of the Sixteenth Century, 1547-1578U 
By the late Sir William Stirling 
Maxwell, Bart. K.T. With numerous 
Illustrations engraved on Wood taken 
from Authentic Contemporary Sources. 
Library Edition. 2 vols, royal 8vo. 42/. 

MAY, — Works by the Right Hon. 
Sir ThomasErskineMa k, K. C.B. 

The Constitutional History of 
England since the Accession op 
George III. 1760- 1870. 3 vols, crown 
8vo. i8j. 

Democracy in Europe ; a History. 
2 vols. 8vo. 32J. 

MENDELSSOHN.— 7i7£ Letters of 

Felix Mendelssohn. Translated by 
Lady Wallace. 2 vols, crown 8vo. los. 

}ILEBl\KLE.— Works BY THE Very 
Rev. Charles Merjvale^ D.D. 
Dean of Ely. 

History of the Romans under 
the Empire. 8 vok. post 8vo. 48/. 

The Fall of the Roman Repub- 
lic : a Short History of the Last Cen- 
tury of the Commonwealth. 1 2mo. Js. 6(1. 

General History of Rome from 

B.C. 753 TO A.D, 476. Crown 8vo. 7j. 6^. 
The Roman Triumvirates. With 

Maps. Fcp. 8vo. 2s. 6d. 

MILES. — Works by William 
Miles. 

The Horses Foot, and How to 
KEEP IT Sound. Imp. 8vo. 12s. 6d. 

Stables and Stable Fittings. 

Imp. 8vo. with 13 Plates, i^s. 

Remarks on Horses' Teeth, ad- 
dressed to Purchasers. Post 8vo. is. 6(i. 

Plain Treatise on Horse-shoe- 
ing. Post 8vo. Woodcuts, 2s. 6if, 

MILL. — Analysis of the Pheno- 
mena of the Human Mind. By 
James Mill. With Notes, Illustra- 
tive and Critical. 2 vols. 8vo. 28j. 

HILL. — Works by John Stuart 
Mill. 
Principles of Political Economy. 

Library Edition, 2 vols. 8vo. 3af . 
People's Edition, I vol. crown Svo. y. 

[ConthntCii on next fa^e. 



LONGMANS & CO.*S LIST OF GENERAL AND SCIENTIFIC BOOKS. I7 



HILL. — Works by John Stuart 

Mill — continued. 
A System of Logic^ Ratiocinative 

and Inductive. 
Library Edition, 2 vols. 8vo. 25J, 
People's Edition, crown 8vo. 5^. 

On Liberty, Crown 8vo. ix. 4^. 

On Representative Government, 
Crown 8vo. 2J. 

Autobiography^ Svo. 75. dd. 

Essays on some Unsettled Ques- 
tions OF Political Economy, Svo. 
6s, 6d, 

Utilitarianism, 8va 55. 

The Subjection OF Women, Crown 
8vo. 6s, 

Examination of Sir William 
Hamilton's Philosofhy, 8vo. i6s. 

Dissertations and Discussions, 
4 vols. 8vo. £2. 6s, 6d, 

Nature^ the Utility of Religion^ 
AND Theism, Three Essays. Svo. 
los, 6d, 

IKHAS.^.— Works by W, Allen 
Miller^ M,D, LL,D, 

The Elements of Chemistry, 

Theoretical and Practical Re-edited, 
with Additions, by H. Macleod, F.C.S. 
3 vols. Svo. 
Part I. Chemical Physics, i6s. 
Part II. Inorganic Chemisty, 24f. 
Part III. Organic Chemistry, 31J. 6d, 

An Introduction to the Study 
of Inorganic Chemistry, "With 71 
Woodcuts. Fcp. Svo. 3J. 6d, 

MILLER. — Readings in Social 
Economy, By Mrs. F. Fenwick 
Miller, Member of the London School 
Board. Library Edition, crown Svo. 5^. 
Cheap Edition for Schools and Beginners, 
crown Svo. 2s, 

MILLER. — Wintering in the Ri- 
viera; with Notes of Travel in Italy 
and France, and Practical Hints to 
Travellers. By W. Miller. With 12 
Illustrations. Post Svo. 7^. 6d, 

MILNER. — Country Pleasures ; 

the Chronicle of a Year, chiefly in a 
Garden. By George Milner. With 
Vignette. Crown Svo. 6s, 

MITCHELL.—^ Manual of Prac- 
tical Assaying, By John Mitchell, 
F.C.S. Revised, with the Recent Dis- 
coveries incorporated. By W. Crookes, 
r.R.S. Svo. Woodcuts, 31J. 6d, 



MODERN NOVELIST'S LIBRARY 

(THE). Price 2s, each boards, or 2s, 6d^ 
each cloth : — 

By the Earl of Beaconsfield, K.G. 
Endymion. 



Lothair. 

Coningsby. 

Sybil. 

Tancred. 

Venetia. 

By Mrs. Oliphant. 
In Trust. 

By Bret Harte. 

In the Carquinez Woods. 

By Anthony Trollope. 
Barchester Towers. 
The Warden. 

By Major Whyte-Melville. 



Henrietta Temple. 
Contarini Fleming, &c, 
Alroy, Ixion, &c. 
The Young Duke, &c. 
Vivian Grey, &c. 



Good for Nothing. 
Holmby House. 
The Interpreter. 
Queen's Maries. 



Digby Grand 
General Bounce. 
Kate Coventry. 
The Gladiators. 

By Various Writers. 
The Atelier du Lys. 
Atherstone Priory. 
The Burgomaster's Family. 
Elsa and her Vulture. 
Mademoiselle Mori. 
The Six Sisters of the Valleys. 
Unawares. 

HONCK. — An Introduction to 
Logic, By William H. Stanley 
MoNCK, M.A. Prof, of Moral Philos, 
Univ. of Dublin. Crown Svo. 5^. 

HONSELL. — Spiritual Songs for 

THE SUNDA YS AND HOUDA YS THROUGH- 
OUT THE Year, By J. S. B. Monsell, 
LL.D. Fcp. Svo. 5 J. iSmo. 2s, 

MOORE.— r^r^ Works of Thomas 
Moore, 
Lalla RooKHy Tenniel's Edition, 
with 68 Woodcut Illustrations. Crown 
Svo. I or. 6d, 

Irish Melodies, Maclise's Edition, 

with 161 Steel Plates. Super-royal Svo. 

2 IX. 

MOREHE AD.- ClinicalResearches 
ON Disease in India, By Charles 
Morehead, M.D. Surgeon to the Jam- 
setjee Jeejeebhoy Hospital. Svo. 2ij, 

MORELL. — Handbook of Logic, 

adapted especially for the Use of Schools 
and Teachers. By J. D. Morell, LL.D. 
Fcp. Svo. 2s, 

MOZLEY. — Reminiscences chiefly 
of Oriel College and the Oxford 
Movement, By the Rev. Thomas 
Mozley, M.A. 2 vols, crown Svo. 
iSj. 
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HULLEB. — Works by F. Max 
MVller^ M.A. 
Biographical Ess a ys. Crown 8vo. 

^s. 6d. 
Selected Essays on Language^ 
Mythology and Religion z vols, 
ciown Svo. idr. 

Lectures on the Science of Lan- 

GUAGB. 2 vols, crown Svo. its, 

India, What Can it Teach Us? 

A Course of Lectures delivered before the 
University of Cambridge. 8vo. I2s, 6d. 

Hi B BERT Lectures on the Origin 
and Growth op Religion^ as illus- 
trated by the Religions of India. Crown 
Svo. ^s, 6d. 

Introduction to the Science of 

Religion: Four Lectures delivered at the 
Royal Institution ; with Notes and Illus- 
trations on Vedic Literature, Polynesian 
Mythology, Uie Sacred Books of the 
East, &c Crown Svo. 7/. 6d. 

A Sanskrit Grammar for Begin- 

NERSj in Devanagari and Roman Letters 
throughout. Royal Svo. ^s, 6d» 

HURCHISON.— Works by Charles 
MuRCHisoN^ M,D, LL,D, 
LR.C.S. 6-r. 
A Treatise on the Contjnued 
Fevers op Great Britain, ' New 
Edition, revised by W. Cavlev, M.D. 
Physician to the Middlesex Hospital. 
Svo. with numerous Illustrations, 25^. 

Clinical Lectures on Diseases 
op the Liver, Jaundice^ and Ab- 
dominal Dropsy, New Edition, re- 
vised by T. Lauder Brunton, M.D. 
Svo. with numerous Illustrations. 

\_In preparation, 

NEISON.— 7>*^^ Moon, and the Con- 
dition and Configurations of its Surface. 
By E. Neison, F.R.A.S. With 26 
Maps and 5 Plates. Medium Svo. 31/. 6^. 

NEVILE. — Works by George Ne- 

VILE, M,A, 

Horses and Riding, With 31 Illus- 
trations. Crown Svo. ts. 

Farms and Farming, With 13 
Illustrations. Crown Svo. 6x. 

mWilVLt^.— Apologia pro VitA 

SuA ; being a History of his Religious 
Opinions by Cardinal Newman. Crown 
Svo. 6x. 

NEW TESTAMENT (THE) of our 

Lord and Saviour Jesus Christ. Illus- 
trated with Engravmgs on Wood after 
Paintings by the Early Masters chiefly of the 
Italian School. New and Cheaper Edition. 
4to, 2is, cloth extra, or 42J. morocco. 



NORTHCOTT.— Z^r^^ and Turn- 

iNGf Simple, Mechanical, and Ornamen- 
tal. By W. H. NORTHCOTT. With 33S 
Illustrations. Svo. iSx. 

OWER.— Works by Sir Richard 
Owen, K.C.B. 6fc, 

The Comparative Anatomy and 
Physiology OP the Vertebrate Ani- 
mals, With 1,472 Woodcuts. 3 vols. 
Svo. £3' ly- 6</. 

Experimental Physiology^ its 
Benefits to Mankind; with an Ad- 
dress on Unveiling the Statue of William 
Harvey at Folkestone, August iSSl. 
Crown Svo. 5/. 

IfkQiEl.— Works by Sir James 

Paget, Bart. F,R,S, D,C,L. 6-r. 

Clinical Lectures and Essays, 
Edited by F. Howard Marsh, Assistant- 
Surgeon to St. Bartholomew's Hospital. 
Svo. 15J. 

Lectures on Surgical Patho- 
logy. Delivered at the Royal Collie 
of Surgeons of England. Re -edited by 
the Author and W. Turner, M.B. 
Svo. with 131 Woodcuts, 2\s, 

PALEY. — View of the Evidences 
ofChristianity andHorae Pa uunae. 
By Archdeacon Paley. With Notes and 
an Analysis, and a Selection of Questions. 
By Robert Potts, M.A. Svo. los, (ki. 

?ASTEIJR.— Louis PASTEUR.his Life 

and Labours. By his Son-in-Law. 
Translated from the French by Lady 
Claud Hamilton. Crown Svo. 7s, dd. 

PATEN. — Industrial Chemistry ; 

a Manual for Manufacturers and for Col- 
lies or Technical Schools ; a Translation 
of Paven*s 'Precis de Chimie Indus- 
trielle.' Edited by B. H. Paul. With 
69S Woodcuts. Medium Svo. 42J. 

PAYN. — Thicker than Water, A 
Novel. By James Payn, Author of 
•Lost Sir Massingberd' &c. Crown 
Svo. 6s, 

PENNELL.— */^/?oj/ Gra ye to Gay' : 

a Volume of Selections from the complete 
Poems of H. Cholmondeley-Pennell, 
Author of * Puck on Pegasus * &c. Fcp. 
Svo. 6s, 

PEREIRA. — Materia Medica and 
Therapeutics, By Dr. Pereira. 
Abridged, and adapted for the use of 
Medical and Pharmaceutical Practitioners 
and Students. Edited by Professor R. 
Bentley, M.R.C.S. F.L.S. and by 
Professor T. Redwood, Ph.D. F.C.S. 
With 126 Woodcuts, Svo. 25J. 
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PERRY. — A Popular Intro duc- 

TION TO THE III STORY OF GREEK AND 

Roman Sculpture ^ designed to Promote 
the Knowledge and Appreciation of the 
Remains of Ancient Art. By Walter 
C. Perry. With 268 Illustrations. 
Square crown 8vo. 31^. 6^/. 

PIESSE. — The Art of Perfumery^ 

and the Methods of Obtaining the Odours 
of Plants ; with Instructions for the 
Manufacture of Perfumes, &c. By G. 
W. S. PiESSE, Ph.D. F.C.S. With 
96 Woodcuts, square crown 8vo. 2IJ. 

PLATO. — The Parmenides of 

Plato; with Introduction, Analysis, 
and Notes. By Thomas Maguire, 
LL.D. D.Lit. Fellow and Tutor, Trinity 
College, Dublin. 8vo. 7j. 6^. 

POLE. — The Theory of the Mo- 
DERN Scientific Game of Whist, 
By W. Pole, F.R.S. Fcp. 8vo. 2J. dd. 

PROCTOR.— Works by R, A. Proc- 

TOR. 

The Sun ; Ruler, Light, Fire, and 
Life of the Planetary System. With 
Plates and Woodcuts. Crown 8vo. 14J. 

The Orbs Around Us ; a Series of 

Essays on the Moon and Planets, Meteors 
and Comets, the Sun and Coloured Pairs 
of Suns. With Chart and Diagrams, 
crown 8vo. 7^, 6d, 

Other Worlds than Ours; The 

Plurality of Worlds Studied under the 
Light of Recent Scientific Researches. 
With 14 Illustrations, crown 8vo. lor. 6d, 

The Moon ; her Motions, Aspects, 
Scenery, and Physical Condition. With 
Plates, Charts, Woodcuts, and Lunar 
Photographs, crown 8vo. los. 6d, 

Universe of Stars; Presenting 
Researches into and New Views respect- 
ing the Constitution of the Heavens. 
With 22 Charts and 22 Diagrams, 8vo. 
10 J. 6d, 

New Star Atlas for the Library, 

the School, and the Observatory, in 12 
Circular Maps (with 2 Index Plates). 
Crown 8vo. 5^. 

Larger Star Atlas for the Library, 

in 12 Circular Maps, with Introduction 
and 2 Index Pages, Folio, 15^. or Maps 
only, I2s. 6d. 
Light Science for Leisure Hours; 

Familiar Essays on Scientific Subjects, 
Natural Phenomena, &c. 3 vols, crown 
8vo, 7^, dd* each. 

[Continued above. 



PROCTOR— IPoricsbyR.A. Proctor 

continued. 

Studies of Venus-Transits ; an 

Investigation of the Circumstances of the 
Transits of Venus in 1874 and 1882. 
With 7 Diagrams and 10 Plates. 8vo. 5x. 

Transits of Venus. A Popular 

Account of Past and Coming Transits 
from the First Observed by Horrocks in 
1639 to the Transit of 2012. With 20 
Lithographic Plates (12 Coloured) and 38 
Illustrations engraved on Wood, 8vo. %5.€d. 

Essays on Astronomy. A Series 

of Papers on Pllnets and Meteors, the 
Sun and Sun-surrounding Space, Stars 
and Star Cloudlets. With 10 Plates and 
24 Woodcuts, 8vo. 125. 

A Treatise on the Cycloid and 
ON ALL Forms of Cycloidal Curves, 
and on the use of Cycloidal Curves in 
dealing with the Motions of Planets, 
Comets, &c. and of Matter projected from 
the Sun. With 161 Diagrams. Crown 
8vo. lar. 6^. 

Pleasant Ways in Science^ with 

numerous Illustrations. Crown 8vo. 6^. 

Myths and Marvels of Astro* 

NOMY, with numerous Illustrationst 
Crown 8vo. 6^. 

THE 'KNOWLEDGE' LIBRARY. 

Edited by Richard A. Proctor. 

Science Byways. A Series of Fa- 
miliar Dissertations on Life in Other 
Worlds. By Richard A. Proctor. 
Crown 8vo. 6s. 

The Poetry of Astronomy. A 

Series of Familiar Essays on the Heavenly 
Bodies. By RICHARD A. Proctor, 
Crown 8vo. 6s. 

Nature Studies. Reprinted from 

Khowledjs^e. By GRANT ALLEN, An- 
drew Wilson, Thomas Foster, 
Edward Clodd, and Richard A. 
Proctor. Crown.8vo. 6j. 

Leisure Readings. Reprinted from 
Knowledge. By Edward Clodd, 
Andrew Wilson, Thomas Foster, 
A. C. Run YARD, and Richard A. 
Proctor. Crown 8vo. 6s. 

The Stars in their Seasons. 

An Easy Guide to a Knowledge of the 
Star Groups, in Twelve Large Maps. By 
Richard A. Proctor. Imperial 8vo. 5^. 

QUAIN'S ELEMENTS of ANATOBIY. 

The Ninth Edition. Re-edited by Allen 
Thomson, M.D. LL.D. F.R.S.S. L. & E. 
Edward Albert Schafer, F.R.S. and 
George Dancer Thane. With up- 
wards of 1,000 Illustrations engraved on 
Wood, of which many are Coloured, 
2 vols. 8vo. iSs, each. 
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QUAIN* — A Dictionary of Medi- 
cine, Inclading General Pathology, 
General Therapeutics, Hygiene, and die 
I>i«eajies peculiar to Women and Children. 
Bv Various Writers. Edited by K. QuAix, 
M.D. F.R.S. &c. With 138 Woodcuts. 
Medium 8vo. 31/. dd. cloth, or 40/. half- 
mssia ; to be had also in 2 vob. 34/. doth. 

SAWLINSON. — r^^ Seventh 
Great Oriental Monarchy; or, a 
History of the Sassanians. By G. Raw- 
LINSON, M.A. With Map and 95 Illus- 
trations, %so, 2$s, 

READER. — Voices from Flower- 
Land, in Original Couplets. By Emily 
E. Reader. A Birthday-Book and Lan- 
guage of Flowers. i6mo. 2/. dd, limp 
cloth ; 3/. 6^. roan, gilt edges. 

REEVE* — Cookery and HousE' 

keeping; a Manual of Domestic Economy 
for Large and Small Families. By Mrs. 
Henry Reeve. With 8 Coloured Plates 
and 37 Woodcuts. Crown 8vo, 7/. dd, 

RICH* — A Dictionary of Roman 
AND Greek Antiquities, With 2,000 
Woodcuts. By A. Rich, B.A. Crown 

RIVERS. — Works by Thomas 
Rivers, 

The Orchard-House; or, the 

Cultivation of Fruit Trees under Glass. 
Crown 8vo. with 25 Woodcuts, 5/. 

The Rose Amateur* s Guide, 

Fq^, 8vo. 4/. 6d, 

ROGERS. — Works by Henry 
Rogers, 

The Eclipse of Faith ; or, a Visit 
to a Religious Sceptic. Fcp. 8vo. 5/, 

Defence of the Eclipse of 
Faith, Fcp. 8vo. 3/. td, 

ROGET. — Thesaurus of English 
Words and Phrases, classified and 
arranged so as to facilitate the expression 
of Ideas, and assist in Literary Compo- 
sition. By Peter M. Roget, M.D. 
Crown 8vo. 10/. 6d, 

RONALDS. — The Fly- Fisher's 
Entomology, Bv Alfred Ronalds. 
With 20 Coloured Plates, Svo, 14/, 

SALTER. — Dental Pathology and 
Surgery, By S. T. A. Salter, M.B. 
F,K,S, With J33 Illustrations. 8vo. iSj. 



SCOTT. — Works by John Scott, 
Rents and Purchases; or, the 

Valuation of Landed Property, Woods, 
Minerals, Buildings, &c. Crown 8vo. 6s, 

The Farm- Valuer, Crown Svo. 5^. 

SEEBOHIL— Works by Frederick 
Seebohm, 

The Oxford Reformers — John 
CoLET, Erasmus, and Thomas More; 
A History of their Fellow- Work, 8vo. 
14/. 

The English Village Community 

Examined in its Relations to the Manorial 
and Tribal Systems, and to the Common 
or Openfield System of Husbandry. 13 
Maps and Plates. 8vo. 16/. 

TheEra of the Protestant Revo- 

LbTiON, With Map. Fcp. 8vo. 2/. (id, 

SEMMETT.— riViS: Marine Steam 

Engine; a Treatise for the use of Engi- 
neering Students and Officers of the Royal 
Navy. By Richard Sennett, Chief 
En^eer, Royal Navy. With 244 Illus- 
trations. 8vo. lis, 

SEWELL. — Works by Elizabeth 
M. Sewell, 

Stories and Tales, Cabinet 

Edition, in Eleven Volumes, crown 8vo. 
y. 6d. each, in cloth extra, with gilt 
edges: — 

Amy Herbert. Gertrude. 
The Earl's Daughter. 
The Experience of Life. 
A Glimpse of the World, 
Cleve Hall. Ivors, 
Katharine Ashton. 
Margaret Percival. 
Laneton Parsonage. Ursula. 

Passing Thoughts on Religion. 

Fcp. 8vo. 3j, 6d, 

Preparation for the Holy Com- 
munion; the Devotions chiefly from the 
works of Jeremy Taylor. 32mo. 3/. 

Night Lessons from Scripture, 
32mo. 3/. (>d, 

SWniLOM^.— The Psalms of Da vid; 

a new Metrical English Translation of the 
Hebrew Psalter or Book of Praises. By 
William Digby Seymour, Q.C. LL.D. 
Crown Svo. 2j. dd, 

SHORT. — Sketch of the History 
of the Church of England to the 
Revolution of 1688. By T, V. Short, 
D,D, Crown 8vo. *]s, 6d, 
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SEAKESFEAVE.—Boi^^dler's Fa- 
mily Shakespeare, Genuine Edition, 
in I vol. medium 8vo. large type, with 
36 Woodcuts, 14J. or in 6 vols. fcp. 8vo. 

Outlines of the Life of Shake- 
SPBARB, By J. O. H ALLi WELL- Phi L- 
Lipps, F.R.S. 8vo. 7j. 6d, 

SIMCOX.— ^ History of Latin 
Literature. By G. A. Simcox, M.A. 
Fellow of Queen's College, Oxford. 2 
vols. Svo, 32J, 

SKOBELEFF AND THE SLAVONIC 

CAUSE. By O. K. Honorary Member 
of the Benevolent Slavonic Society. Svo, 
with Portrait, 1 41. 

SMITH, Rev. SYDNEY.— 7V£ Wjt 

AND Wisdom of the Rev, Sydney 
Smith, Crown Svo. 3J. 6d, 

SMITH, R. BOSWORTH. — Car- 
thage AND THE Carthaginians. By 
R. BoswoRTH Smith, M.A. Maps, 
Plans, &c. Crown Svo. loj. 6d, 

SMITH, R. A.—A/R AND Rain; the 

Beginnings of a Chemical Climatology. 
By R. A. Smith, F.R.S. Svo. 24^. 

SMITH, JAMES.— r^iE Voyage and 
Shipwreck of St Paul, By James 
Smith, of Jordanhill. With Dissertations 
on the Life and Writings of St. Luke, 
and the Ships and Navigation of the 
Ancients. With numerous Illustrations. 
Crown Svo. Js, 6d, 

SMITH, T.—A Manual of Opera- 
tive Surgery on the Dead Body, 
By Thomas Smith, Surgeon to St. 
Bartholomew's Hospital. A New Edi- 
tion, re-edited by W. J. Walsham. 
With 46 Illustrations. Svo. 12s, 

SMITH, H. F.'-The Handbook for 
MiDWivES, By Henry Fly Smith, 
M.B. Oxon. M.R.C.S. late Assistant- 
Surgeon at the Hospital for Sick Women, 
Soho Square. With 41 Woodcuts. 
Crown Svo. 5^. 

SOPHOCLES.— •Sb/'^oczy^ Tragce- 

DIM superstites ; recensuit et brevi Anno- 
tatione instruxit Gulielmus Linwood, 
M.A. ^dis Christi apud Oxonienses 
nuper Alumnus. Editio Quarta, auctior 
et emendatior. Svo. i6j. 

The Theban Trilogy of Sopho- 
cles; Oedipus Rex, Oedipus Coloneus, 
Antigone: Greek Text, with copious 
Explanatory English Notes. By the Rev. 
W. Linwood, M.A. Crown Svo. ^s,6d, 



SOUTHEY.— TV^ Poetical Works 

of Robert Southey, with the Author's 
last Conections and Additions. Medium 
Svo. with Portrait, 14?. 

The Correspondence of Robert 
Soothe Y with Caroline Bowles, 
Edited by Edward Donvden, LL.D. 
Svo. Portrait, I4r. 

STANLEY.—^ Familiar History 
of Birds, By E. Stanley, D.D 
Revised and enlarged, with 160 Wood* 
cuts. Crown Svo, dr. 

STEEL.— ^ Treatise on the Dis^ 

EASES OF THE Ox ; being a Manual of 
Bovine Pathology specially adapted for 
the use of Veterinary Practitioners and 
Students. By J. H. Steel, M.R.C.V.S. 
F.Z.S. With 2 Plates and 116 Wood- 
cuts. Svo. 15^. 

STEPISEY^.— Essays in Ecclesias^ 
TiCAL Biography, By the Right Hon. 
Sir J. Stephen, LL.D. Crown Svo, 

^s, 6d, 

• STONEHENGE.'— r^^ L>og in 

Health and Disease, By 'Stone- 
HENGE.' With 7S Wood Engravings. 
Square crown Svo. 'js, 6d, 

The Greyhound, By^SxoNEHENGE.* 

With 25 Portraits of Greyhounds, &C. 
Square crown Svo. i$s, 

STURGIS.— -^K Friends and I. By 
Julian Sturgis. With Frontispiece. 
Crown Svo. 5^. 

SULLIVAN.— '5ri?^ y Shots ; ' Politi- 

cal. Military, Economical, and Social. By 
Sir Edward Sullivan, Bart. Svo. 
los. 6d, 

SULLY. — Outlines of Psychology^ 

with Special Reference to the Theory of 
Education. By James Sully, M.A. 
Svo. 1 2 J. dd, 

SUPERNATURAL RELIGION ; an 

Inquiry into the Reality of Divine Reve- 
lation. Complete Edition, thoroughly 
revised. 3 vols. Svo. 36J. 

SWINBURNE.— /Vcrra^ Logic; an 

Attempt to Popularise the Science of 
Reasoning. By A. J. Swinburne, B. A. 
Post Svo. 5j. 

SWINTON.— r^r^ Principles and 
Practice of Electric Lighting. By 
Alan A. Campbell Swinton. With 
54 Illustrations engraved on Wood 
Crown Svo. 5^. 
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TAYLOR. — Student^ s Manual of 
THE History OF India, from the Earliest 
Period to the Present Time. By Colonel 
Meadows Taylor, C.S.I. Crown 8vo. 

TAYLOR.— 2Ty^ Complete Works 
OF Bishop Jeremy Taylor, With 
Life by Bishop Heber. Revised and 
corrected by the Rev. C. P. Eden, id 
vols.;^5. 5j. 

TEXT-BOOKS OF SCIENCE: a 

» , Series of Elementary Works on Science, 

Mechanical and Physical, forming a Series 
of Text-books of Science, adapted for 
the use of Students in Public and Science 
Schools. Fcp. 8vo. fully illustrated with 
Woodcuts, 

Abney*s Photography, y, 6d, 

Anderson's Strength of Materials, 3^. 6d, 

Armstrong's Organic Chemistry, 3^. 6d, 

Ball's Elements of Astronomy, 6s, 

Barry's Railway Appliances, 3^. 6d, 

Bauerman's Systematic Mineralogy, dr. 

— Descriptive Mineralogy, 6s, 

Bloxam and Huntington's Metals, 5^. 

Glazebrook's Physical Optics, 6s, 

Gore's Electro-Metallurgy, 6s, 

Griffin's Algebra and Trigonometry, 3^. 6d, 

Jenkin's Electricity and Magnetism, 3J. 6d, 

Maxwell's Theory of Heat, p, 6d, 

Merrifield's Technical Arithmetic, y, 6</» 

Miller's Inorganic Chemistry, ^s, 6d, 

Preece and Sivewright's Telegraphy, 5^. 

Rutley's Petrology, or Study of Rocks, 4^. 6d, 

Shelley's Workshop Appliances, 4^, 6d, 

Thome's Structural and Physiological 
Botany, 6s, 

Thorpe's Quantitative Analysis, 4f. 6d, 

Thorpe and Muir's Qualitative Analysis, 
^,6d, 

Tilden's Chemical Philosophy, 31. 6d, With 
Answers to Problems, 4J. 6d, 

Unwin's Machine Design, 6s, 

Watson's Plane and Solid Geometry, y, 6d, 

THOMSON. — An Outline of the 
Necessary Laws of Thought; a 
Treatise on Pure and Applied Logic. By 
W. Thomson, D.D. Archbishop of 
York, Crown 8vo. 6s, 

THOMSON'S CONSPECTUS 

Adapted to the British 
Pharmacopceia, By Edmund 
JLjw)yd Birkett, M.D. &c. Latest 
Edition, i8mo, 6s, 



THREE IN NORWAY. By Two of 

Them. With a Map and 59 Illustra- 
tions on Wood from Sketches by the 
Authors. Crown 8vo. 6s, 

TREVELYAN. — Works by the 
Right Hon, G. O, Trevelyan^ 
M.P: 

The Life and Letters of Lord 
Macaulay, By the Right Hon. G. O. 
Trevelyan, M.P. 

Library Edition, 2 vols. 8vo. 36J. 

Cabinet Edition, 2 vols, crown 8vo. 

\2S, 

Popular Edition, i vol. crown 8vo. 
6s, 

The Early History of Charles 

James Fox, Library Edition, Svo. i8j. 
Cabinet Edition, crown 8vo. 6s, 

THIS&.— Works by Sir Tr avers 
Tiviss, 

The Rights and Duties of Na- 

TiONSf considered as Independent Com- 
munities in Time of War. 8vo. 2is. 
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